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ABSTRACT 
The root-knot nematodes particularly the four major species viz. Melddogyne 
incognita, M. javofiica, M. arenaria and M. tujpla are world-wide in distribution and infect a 
large number of plants including vegetable crops, causing substantial yield losses to the 
growers. Since the realization of this fact various management measures have been in vogue. 
With increasing understanding of the role of nematodes including root-knot nematodes, a 
number of nematicides were developed and effectively used for their control. But in the recoit 
past for reasons of economy, availability and particularly health hazards and environmental 
risks they are no more recommended for large scale use. Currently, biocontrol is the preferred 
measure for management of root-knot nemiatodes. Research is in process in the diff«»ent parts 
of the world to search for microorganisms which can be effectively used as biopestiddes. In 
this study, an effort has been made to search for indigenous microorganisms (fun^) and 
examine their efficiency for management of root-knot nematodes in order to use them as 
biopestiddes. 
Some localities of the districts of western part of Uttar Pradesh were surveyed to 
collect the root samples of vegetable crops. Disease incidence and intensity in the v^etable 
fields was determined and fiingi associated with the egg masses of the nematodes were 
isolated in order to und '^stand the level of infestation of the vegetable fields by root-knot 
nematodes and to identify the fungi involved in natural biocontrol. 
Root samples of the vegetable crops collected fi'om the districts showed modovte to 
heavy infection of root-knot nematode. The disease incidence ranged between 36-67% in the 
samples and on the average disease inddence in the districts was above 50%. Root gall index 
(GI) and e ^ mass index (EMI) showed variations ranging fi-om 1-5 and 0-5, respective. 
Meloidogyne incognita, M javanica and M areruvia were present in the samples. The formo^  
two spedes were prevalent nematodes on different vegetable crops, occurrio^ nngjy or 
concomitantly. M arenaria was less fiequent. 
Several fungi were found associated with egg masses. The mycoflora of egg masses 
and frequency of the species varied in different districts. Sixty two species of fungi were 
isolated from the egg masses of the root-knot nematodes infecting different vegetable crops in 
the fields. Fusarium oxysporum, Verticillium chlamydosporium, Paecilomyces lilacinus and 
Rhizoctonia haiaiicola were found infecting eggs of the root-knot nematodes. 
Culture filtrates of two isolates of P. lilacinus (local-isolated from the root samples; 
foreign-obtained from Peru) and R. baiaticola effectively suppressed juvenile hatching of A/. 
incognita and induced their mortality. The effects of both the fungi, however,differed. P. 
lilacinus isolates were more effective. Time duration of exposure and concoitration directly 
influenced killing of the juveniles and inhibiting their hatch. 
Effeciency of P. lilacinus (foreign & local) isolates and R. baiaticola for coloniang egg 
masses of M incognita was tested in artificial inoculation under aseptic conditions. Both the 
fungi {P. lilacinus isolates and R. baiaticola )colonized egg masses and destroyed the eggs. P. 
lilacinus isolates were, however, more efBcient than K baiaticola. 
The efficiency of P. lilacinus (local isolate) and R baiaticola for control of M 
incognita on tomato was studied under glasshouse conditions by artificial inoculations. In 
simultaneous and sequential inoculations, P. lilacinus and R baiaticola suppressed M. 
incognita resulting in improved plant growth. The disease intensity was appreciably reduced as 
root galling and egg mass production were greatly suppressed. Highest percentage of eggs 
showed fungal infection when the plants were applied with either of the fungi, two or three 
weeks prior to nematode inoculations. In combination, P. lilacinus and K baiaticola were 
more effective in reducing nematode population and improving the plant growth.. In combined 
inoculation, GI and EMI were lowest and percentage of infected eggs was highest. Nematode 
population was also greatly reduced. 
Root-dipping of tomato seedlings protected their roots from invasion by the juveniles 
of M incognita. When the roots were dipped in the culture filtrates of P. lilacinus/ R. 
baiaticola and inoculated withM /ncogw/to juveniles, the lengths, fresh and dry weights of the 
plants were greater thar. plants inoculated with the nematode. The time duration of dipping 
influenced their effect. The dipping of the roots for 30 min was better than 10 or 20 min 
dipping. Intensity of the disease was reduced in all the dip time but 30 min dip was the best as 
root galling, egg mass production and nematode population were greately reduced. The 
seedlings developed no adverse effect by dipping in the culture filtrates. 
Growth and sporulation of P. lilacinus on various organic substrates (agricultural 
wastes and other organic materials) in order to dispense it in the field showed that gram husk 
was superior to other materials used in the study as it contained the highest spore count of the 
fungus. Application of the organic substrates grown with P. lilacinus improved growth of 
tomato plants infected with root-knot nematode, M incognita by suppressing root galling and 
nematode development. Highest improvement in plant growth of the nematode infected plants 
occurred when the fungus cultured on gram husk was applied. Growth of tomato plants was 
highest when 4,6 and 8 g gram husk cultured with P. lilacinus was added to the soil. Root 
galling and nematode development was also reduced by the application of all the above 
mentioned doses of P. lilacinus cultured on gram husk. The most effective dose was, howevw, 
4g/kg soil. 
Effect of varying temperatures on growth of four isolates of P. lilacinus designated as 
Pll, P12, P13 and P14 obtained from Peru (foreign), Bulandshahr (local), Jhansi and Hyderabad 
respectively and their mixtures designated P15 was investigated to determine a suitable 
temperature for their growth. AD the isolates showed greatest mean fungal dry weight at 24 to 
28 °C. 
Comparison of biocontrol efficacy of four isolates of P. lilacinus was compared in 
artifical inoculations. All the four isolates of P. lilacinus and their mixture were effective in 
suppressing the root-knot nematode and improving the plant growth by suppressing the root-
knot nematode. The efficacy of the isolates, however, differed both for plant growth and root-
knot development. The isolates PI 1, PI 2 and their mixtures were more effective and other 
isolates showed relatively less efficacy. 
Pasteuria penetrans a known bacterial parasite of root-knot nematodes was also used 
in the study, particulariy for its combined application with local isolate of P. lilacinus. Effect of 
temperature and moisture on spore attachment of Pasteuria penetrans to the second stage 
juveniles of M incognita was examined. Attachment of the spores of P. penetrans to the 
nematode body occurred at all the three temperatures (15,25,35° C) tested. Lowest attachment 
was observed at 10° C. The spore attachment increased with the increase in exposure period 
from 24 to 72 h at all the three temperatures. With regard to moisture, maximum and mimmum 
spore attachment was observed at 50 and 25 per cent moisture levels. 
Both P. lilacinus and P. penetrans and their combination {P. lilacinus + P. penetrans) 
were effective in suppressing the root-knot nematode and improved the plant growth. P. 
lilacinus was comparatively more efficient than P. penetrans in this respect. The combined 
efficiency of both the microbes was better than P. lilacinus alone. The indigenous isolate of P. 
lilacinus which was found to be efficient, can be used as a biopesticides for root-knot 
nematodes using gram husk as carrier substrate for field dispensing. R bataticola may be used 
with care because of biosafety reasons, since this species is parasitic on legumes. 
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INTRODUCTION 
Plant parasitic nematodes are heterotrophic organisms and occur world-wide in all 
types of agricultural soils, causing diverse kinds of damages to crop plants. Extent of 
damages, however, varies depending upon the nematode, crop and its cultivars, agroclimatic 
conditions and other biotic and abiotic factors. Endoparasitic nematodes are more damaging 
and agriculturally important than other groups. The qualitative and quantitative losses caused 
by the nematodes in yields of agricultural crops are enormous. The root-knot nematodes 
Meloidogyne spp. constitute a major group of plant parasitic nematodes which cause 
significant losses in yields of food, feed and fibre crops. In India, crop loss estimates in 1970 
showed that a loss of 10 million U.S. dollars to wheat crop was caused by seed gall nematode, 
Anguina tritici; 8 miUion US. dollars to wheat and barley in Rajasthan state alone by cereal 
cyst nematode, Heterodera avenae and 3 million US. dollars to coffee by root lesion 
nematode, Pratylenchus coffeae (Van Berkum and Seshadri, 1970). The losses caused by the 
nematodes to agricultural crops are not adequately assessed in most parts of the world. Some 
estimates, however, indicate the enormous losses suffered by the growers across the world. 
Consistent and concerted efforts have been made to combat the menance of nematodes 
in agriculture since the beginning of the science of Hematology. Different measures were 
considered and found effective for the management of these nematodes. Nematicides were 
found to be most effective against major plant parasitic nematodes in different parts of the 
world. Use of nematicides, however, is now being discouraged because of human health 
hazards and environmental risks associated with their manufacturing and application. 
Persistence of nematicides in the soil, and contamination of the groundwater are harmfiil 
effects of their application. In the present context of environmental concerns and human health 
risks involved with the use of nematicides, attention has been diverted to look for effective 
biocontrol agents and develop biopesticides. 
Exploitation of the biocontrol agents and their artificial application and marketing for 
large scale use of the growers brings them under the category of the newly coined word 
"Biopesticide". Biopesticides are different from biological control or biocontrol. In biological 
control or biocontrol, biocontrol agent is released into a pest population to establish itself and 
control the target pest. But biopesticides refer to microbial pathogens that uniformly kill or 
suppress the target pest in a manner similar to chemical pesticides. They are applied as 
chemicals using different methods of application. The biopesticides in general show 
advantages of high degree of specificity on the target pests. Bacteria, fungi and viruses which 
are virulent, host specific and genetically stable are constrained naturally by low inoculum 
production and poor dissemination are good, candidates for development as biopesticides 
(Templeton et ai, 1984). Many natural enemies attack plant parasitic nematodes in soil and 
reduce their populations. The nature and extent of such constraints on nematode multiplication 
in order to establish, whether the enemies can be exploited to reduce damage and increase 
crop yield need to be determined. 
Currently due to greater awareness and desirability of pollution free environment, 
biocontrol seems to be the most relevant and practical. Actions of parasites, predators or 
pathogens maintains population density of another organism at a low level. Biological control 
of plant parasitic nematodes, therefore, may be natural where the agents suppress 
multipUcation of nematodes without being artifically introduced in soil or induced where the 
known agents are applied by man. Organisms that provide effective natural control may have 
few of the qualities of successful commercial agents for application in soil. Most artificial 
inoculations, where success has been achieved to a great extent, involved nematophagous fungi 
and the bacterium Pasteuria penetrans. 
Microorganisms feeding on nematodes fall in two broad categories- predators and 
parasites. Nematode-trapping fijngi, nematodes, turbellarians, enchytraeids, mites, collembolas, 
tardigrades and protozoans are predators while endozoic and opportunistic fungi, bacteria, 
protozoans, viruses and rickettsiae are parasites of nematodes (Sayre, 1971). There are many 
reports that these parasites and predators regulate nematode populations (Mankau, 1980; 
Jatala, 1986; Stirling, 1991). 
Among the parasites, viruses and rickettsiae are of minor importance. Earlier reports of 
bacterial diseases of nematodes include observations of bacteria v^ i^thin the nematode body 
(Mankau, 1981). Their nature with regard to their parasitic or saprophytic mode of life in the 
nematode body is not clear. They are also found associated with nematode cuticle. Among 
bacteria, Pasteuria penetrans, a prokaryotic obligate parasite of nematode has received 
attention. Initially it was described as a microsporodia Duboscquia penetrans by Thome 
(1940).. Then it was renamed as Bacillus penetrans by Mankau (1975). But later Sayre and 
Starr (1985) placed it in the genus Pasteuria. It is a specific obligate parasite of root-knot 
nematodes. 
Several genera of predaceous nematodes like Mononchus, Mylonchus, Mylonchulus, 
Dorylaimus, Discolaimus, Nygolaimus, Mononchoides, Sectonema, Diplogaster, Thomia and 
Seinura are known predators of nematodes. Tardigrades, turbellarians and enchytraeids are 
other invertebrates that prey on nematodes (Doncaster et al, 1961; Esser, 1963). A few reports 
of mites and some protozoans feeding on nematodes are also available. Existing information, 
however, indicates that fiangal parasites and predators of nematodes are potentially the most 
usefiil biological control agents of plant parasitic nematodes. The fungal antagonists of 
nematodes consists of wide variety of organisms belonging to widely divergent order and 
families. These include the nematode-trapping or predaceous fiingi, endoparasitic fungi and 
opportunistic parasites of nematode eggs and cysts. 
Predaceous fijngi also preferrably known as nematode trapping or nematophagous 
fiingi, currently number more than 100 species. Nematode trapping habit is found in several 
fungi belonging to the family Moniliaceae (Hyphomycetes) in the class Deuteromycetes. A few 
species are found also in the order Zoopagales in the class Zygomycetes. The predaceous fungi 
are provided with either sticky traps such as adhesive knobs eg. Dactylaria Candida, adhesive 
branches eg. Monacrosporium coinopagum and adhesive network, eg. Arthrobotrys 
oligospora or mechanical traps such as constricting rings eg. A. dactyloides and non-
constricing rings eg. D. Candida. The species that produce adhesive network traps are good 
saprophytic competitors and grow rapidly in vitro but are less efficient in trapping nematodes 
than some that are slow growing and capture their prey on adhesive knobs and branches or in 
constricting rings. 
Endoparasitic fongi produce small spores that contain too little energy reserve to 
initiate colonization in soil. Hence spores remain dormant until they adhere to a passing 
nematode after which they germinate, penetrate the cuticle and colonize the host. These fungi 
represent most of the fungal groups eg. Blastocladiales, Chytridiales, Lagenidales, 
Entomophthorales, Zoopagales, and Moniliales. Endozoic fungi kill the nematode prey either 
by adhesive spores (eg. Meria coniospora) which sticks to the nematode body or by simple 
spores eg. Harposporium cmguillulae which are ingested by them. 
The opportunistic fungi are soil fiingi which are capable of colonizing nematode 
reproductive structures. They invade females, cysts and eggs. These fungi belong to the genus 
Cylindrocarpon, Fusarium, Paecilomyces, Verticillium etc. Out of these species, 
Paecilomyces and Verticillium are being intensively studied for their use in biocontrol. Eggs 
are most susceptible to infection before second stage juveniles develop and if young females 
are parasitized their fecundity is decreased. So these fungi are found to be most effective if 
they parasitize females and egg masses soon after emergence on roots. Fungal pathogens of 
eggs are facultative parasites and so they can be grown in vitro and their survival in soil is 
probably not dependent on the presence of nematodes. 
Some predaceous, endozoic and opportunistic fungi have shown promise as biocontrol 
agents particularly for endoparasitic nematodes which are relatively more destructive for the 
crops. But in contrast to insect pests where now large number of biopesticides have been 
developed for commercial use by the growers, biopesticides for nematodes are lacking or are 
very few for most of the nematodes. Research is in progress and a number of promising 
biocontrol agents have been categorised as biopesticide candidates. Eco-friendly management 
of nematodes by the use of biopesticides would be a most appropriate approach. 
In India root-knot nematodes are one of the most destructive parasites of vegetable 
crops and are distributed all over the country (Khan, 1990,1997). Studies conducted at Aligarh 
have shown that all the four major species of root-knot nematodes namely Meloidogyne 
incognita, Meloidogyne arenaria, Meloidogyne javanica and Meloidogyne hapla are present 
in the vegetable fields of Uttar Pradesh. M. incognita and M javanica are most fi-equent 
species of root-knot nematode followed by M arenaria and M hapla is restricted to cooler 
areas in the hilly districts (Khan, 1988; Haider, 1989; Khan, 1990 and Khan and Khan, 1990a, 
1991a, 1992). Occurrence of all the four races inM incognita populations of the state has also 
been recognised (Khan, 1988; Haider, 1989; Khan 1990 and Khan and Khan 1991a). The level 
of infestations of these nematodes in vegetable fields is exceedingly high and the crop may be 
suffering substantial yield losses (Khan, 1989). Management of the root-knot nemaodes 
through biocontrol agents is as essential as in any part of the world. 
Different aspects of biocontrol approach particularly with hyphomycetes and bacteria 
need to be properly investigated under different agro-climatic zones of the country. In India 
very little work has been done on egg parasites of root-knot nematodes. Some studies have 
been undertaken to test the efficacy of Paecilomyces lilacirms (imported strain) in controlling 
root-knot nematodes in Indian soil. But thus far, there has been no effort to study the soil 
mycoflora of crop fields in order to find out the known or new opportunistic biocontrol 
hyphomycetes naturally in field conditions which can be developed and used as biopesticides. 
It is Ukely that thorough study of soil fiingi present in vegetable fields in India, some more 
biocontrol (fungi) agents or candidates in addition to those already known with greater 
efficiency and adaptability may be discovered. They may be of greater use for biocontrol of 
root-knot nematodes or other sedentary nematodes in India or in other parts of the world with 
simiUar agro-climatic conditions. The information on status of biocontrol in natural conditions 
with regard to the organisms associated with the nematodes and their prevalence in fields, 
emerging through such studies, can be exploited for practical purposes. 
Therefore, application and management of biocontrol agents should be developed on a 
case by case basis taking into consideration the prevailing cultural and environmental 
conditions (Jatala, 1986). Jatala (1986) fiirther emphasized that search for effective biocontrol 
agents should continue while the role of the presently available biocontrol organisms is being 
exploited. With continued study on the population dynamics , there is reason to hope that 
treatment will be found that will provide effective and possibly permanent suppression 
(Morgan-Jones and Rodriguez-Kabana, 1987). The present study was planned to gather 
information to achieve the above mentioned aims and objectives. 
It was envisaged that the results of the proposed research work will provide information 
on: 
1. distributions and occurrence of known biocontrol agents (hyphomycetes) and 
their parasitisms in field plots 
2. the status of known and newly discovered candidates as naturally occurring 
biocontrol agents in India, especially in the proposed study area 
3. identity of some Indian soil fiangi with great reproductive and inoculation 
potentials that may emerge as promising biocontrol candidates 
4. efficiency and adoptibility of known and newly discovered biocontrol agents 
(through the course of investigations) for root-knot management 
5. comparative biocontrol efficiency of various isolates of known biocontrol 
agents like Paecilomyces lilacinus collected fi'om different parts of India and 
obtained from abroad. 
The study presented in the form of the thesis for Ph.D. degree includes 
1. Survey of the vegetable fields for the assessment of level of infestation of root-
knot nematodes and identification of fiangi associated with the eggs masses of 
the nematodes in order to assess natural biocontrol. 
2. Selection of efficient biocontrol agents (fiingi) for further studies in order to 
develop biopesticides for field application. 
3. Effect of culture filtrates of selected fungi found associated with the egg 
masses on hatching, mortality of the juveniles. 
4. Penetration of egg masses and infection of eggs by the fiingi in artificial inoculations. 
5. Plant growth and root-knot nematode development on tomato by application 
of culture fihrates by root-dip method. 
6. Effect of individual, combined or sequential inoculations of the selected fungi 
on plant growth and root-knot nematode development. 
7. Selection of a suitable agricultural waste material for field application of the 
biocontrol agent (P. lilacinus). 
8. Determining the optimium dose of the local isolate of the P. lilacinus grown 
on a suitable agricultural waste for field application. 
9. Comparative assessment of biocontrol efficiency of some isolates of P. 
lilacinus for the management of root- knot nematodes. 
10. Combined efficiency of P. lilacinus and Pasteuria penetrans for the 
management of root-knot nematode. 
LITERATURE REVIEW 
Plant parasitic nematodes are obligate parasites. Some are of marginal importance in 
relation to crop damages while others are destructive parasites causing extensive losses in the 
yield of crop plants. Some plant parasitic nematodes have restricted distribution while some 
species are present all over the world in agricultural soils and therefore are of global 
significance. These nematodes mainly inhabit soil and feed on roots and other underground 
plant parts. Some are parasitic on aerial parts as well. For management of plant parasitic 
nematodes, different measures which have been generally adopted can be grouped as chemical, 
cultural, physical and biological. 
Merits, demerits, success and failures have been assoicated with each category of the 
management measures. Nematicides were found effective since the discovery of use of 
chloropicrin as a soil fiimigant. Rapid development occurred and different categories of 
nematicides- soil fumigants, non-soil fumigants, and systemics were formulated and 
successflilly tried against most of the agriculturally important plant parasitic nematodes. 
Nematicides, however, have now become the cause of environmental concern and most of 
them stand banned. Their persistence in the soil, residue in the crop produce and contamination 
of the groundwater are their harmfiil effects. At present only a few are in use on a limited scale. 
Other management measures like cropping system, soil amendments, deployment of host 
resistance are effecitve but none is fully safe and cost effective in most of the crop-nematode 
combinations or in polyphagous nematode community as various limitations are involved in 
their use (Khan, 1997). 
Use of natural biocontrol agents for the management of plant parasitic nematodes or to 
integrate biocontrol agents in integrated management are the current emphasis areas in the 
overall management approach of the plant parasitic nematodes for obvious reasons. Many 
natural enemies attack nematodes in the soil and reduce their populations. Exploitation of these 
enemies for practical use in management of plant parasitic nematodes at present seems to be 
practically demanding and the relevant approach in view of the greater awareness of pollution 
free environment (Khan, 1990). Biocontrol or biological control is a natural phenomenon and 
has been variously defined. According to De Bach (1964), "biocontrol is any condition under 
which or a practice whereby survival or activity of pathogen is reduced through the agency of 
any other living organism with the resuh that there is a reduction in incidence of the disease 
caused by the pathogen". Sewell (1965) defined biocontrol as "natural or induced, direct or 
indirect limitation of a harmfiil organism or its effects by another organism or a group of 
organisms" According to Stirling (1991) biological control is "a reduction of nematode 
population which is accomplished through the action of living organisms other than the 
nematode resistant host plant, which occurs naturally or through the manipulation of the 
environment or the introduction of antagonists". 
Exploitation of the biocontrol agents and their artifical application and marketing for 
large scale use of the growers brings them under the category of the newly coined word 
"Biopesticides". The biopesticides in general show advantages of high degree of specificity on 
the target pests. They cause no adverse effect on non-target or beneficial organisms. Their 
approach is also free from pest resistance problem and residue build-up in the environment. 
Expensive methods of their development, mass production, cumbersome registration 
procedures with the environment protection agency, slow action and unpredictable stability 
under field conditions are some of the draw backs involved in the development and use of 
biopesticides (Khan, 1997). For nematodes, predaceous fungi, predaceous nematodes and 
parasites like viruses, bacteria, rickettsiae and fiingi have been tried and relatively a few have 
shown promise as biocontrol agents. Studies on microorganisms as biocontrol agents for 
plant parasitic nematodes in order to develop and use them as biopesticides are reviewed 
below. 
The possibility of biocontrol of nematodes was first suggested by Lohde (1874). His 
study generated interest in many early workers. Organised research on this aspect of nematode 
management, however, started in 1960's. In recent past, biocontrol of plant parasitic 
nematodes has been the subject of several reviews (Sayre, 1971, 1980; Mankau, 1980; Kerry, 
1980; Jatala, 1986; Morgan-Jones and Rodriguez-Kabana, 1987; Nordbring-Hertz, 1988; 
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Khan, 1990, Sunderland, 1990; Galper et ah, 1991; Leij et al, 1992; Stirling 1991; Zaki and 
Maqbool, 1992; Jeonge/a/., 1993; Zuckermanera/., 1994;Bonantsera/., 1995). 
Among the microorganisms that parasitze or prey on nematodes or reduce nematode 
populations by their anatagonistic behaviour, fiingi and bacteria hold important positions. 
Fungi continuously destroy nematodes in virtually all soils because of their constant association 
with nematodes in the rhizosphere. A large number of fungi are known to trap or feed on 
nematodes but the most important genera include Paecilomyces, Verticillium, Hirsutella, 
Nematophora, Arthrobotrys, Drechmeria, Fusarium and Monacrosporium (Siddiqui and 
Mahmood 1996). 
Fungi are most significant natural enemies of the nematodes. More than 200 
species of fiingi have been demonstrated to be parasitic on nematodes. Depending upon their 
nature of parasitisim on fiingi, Morgan-Jones and Rodriguez- Kabana (1987) categorized them 
into three groupus; predaceous, endozoic and opportunistic fimgi. Earlier, Jatala (1986) had 
placed endozoic and opportunistic fungi into four groups: (a) parasites of sedentary females (b) 
parasites of eggs (c) parasites of vermiform nematodes and (d) parasites of eggs, sedentary 
females and vermiform nematodes. These fungi belong to almost all the major taxonomic 
groups of soil fungi. 
Predaceous Fungi 
Predaceous fungi also preferrably known as nematode-trapping or nematophagous 
fiingi are generally associated with fi-ee-living nematodes. Zopf (1888) was the first to notice 
existence of fimgi predaceous on nematodes in soil. More than 100 such species of fiingi have 
been reported (Mankau, 1980; Jatala, 1986). Nematode-trapping fungi were considered as 
potential biocontrol agents for nematodes (Duddington, 1957). Most nematode-trapping fiingi 
belong to the family Moniliaceae (Hyphomycetes) of the class Deuteromycetes. A few species 
are found also in the order Zoopagales of the class Zygomycetes and few to other groups of 
fiingi. In nature, they survive through predation on nematodes. They trap nematodes and feed 
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on them for which they have developed various devices to capture their prey. The devices 
range from simple, undifferentiated hyphae to very highly specialized structures (Sayre, 1971). 
Sayre (1971) has described their structure and trap mechanism in detail. They develop sticky 
traps like sticky branches, sticky network or sticky knobs. Some produce constricting or non-
constricting rings in order to trap the nematodes. The species that produce adhesive network 
traps are good saprophytic competitors and grow rapidly in vitro but are less efficient at 
trapping nematodes than others that are slow growing and caputre their prey on adhesive 
knobs and branches or in constricting rings (Jansson and Nordbring-Hertz, 1980). In the 
formation of various traps in the fungi, some chemical factor is supposed to be involved. These 
are termed as nemin (Pramer and StoU, 1959) or endogenous nemin (Feder et al, 1963). As 
seen in many fungi, the traps are formed only when nematodes are added to their pure culture. 
Adhesive network forming fungi usually require the presence of nematodes or nematode 
products for trap differentiation. 
Cooke (1962b) found that constricting rings are more efficient in reducing nematode 
population than the adhesive network. In addition to the production of substance on traps 
these fungi may also produce toxic substance to paralyse or to kill the nematodes prior to 
penetrating their cuticle (Olthof and Estey, 1963). Activity of nematode-trapping fixngi are 
influenced by soil conditions such as pH, moisture, temperature and the availability of nutrients 
(Johnson, 1962; Mankau, 1968). In many cases alteration of C/N ratios significantly affects the 
predacity of the fimgus (Cooke, 1962b). Cooke (1962a) found that decomposition of sucrose 
in the soil caused an increase in the population of free living nematodes and the activity of 
indigenous nematode-trapping fimgi was enchanced. In the absence of an organic energy 
source other than the nematodes, these fimgi were not actively predaceous. Predaceous activity 
of different species of nematode-trapping fungi in soil vary in both intensity and duration, and 
that constricting ring type of traps are more efficient in reducing soil nematode populations 
than fungi forming adhesive reticulate traps (Cooke, 1963). In a study on attraction, induction 
of trap formation and capturing of plant parasitic nematodes by 13 nematophagous fungi, it 
was observed that the ability of different fungi to attract nematodes depends on increasing 
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dependence of the fungi on nematodes for nutrition. Induction of trap formation depended on 
their mobility and on the concentration of nutrients in the culture medium. All nematodes were 
rapidly captured when trap were present (Jansson and Nordbring Hertz, 1980). 
According to Lysek and Nordbring-Hertz, (1981) temperature influenced the hypal 
elongation but did not affect the periodic trap formation at lower temperatures; the peaks of 
trap formation was close together showing partial overlapping. In glasshouse experiments, 
sixteen soils were used with pH values (6.5-8) crossed with different percentages of organic 
substances (1 to 2.5). The results showed that the nematophagous activity of the fungus was 
directly correlated with the interaction which exist with the pH values and the percentage of 
organic substances in the soil. Greater nematophagous activity was observed at the higher pH 
values and lower percentage of organic substances (Pelagatti and Piccola, 1990). Among 14 
media tested it was found that com meal agar (CMA) and oat meal agar (OMA) were the most 
suitable for growing all six nematophagous fiingi (Jeong and He, 1988). 
Rosenzweig et al. (1985) tested seven adhesive producing nematode-trapping fungi 
namely Arthrobotrys conoides, A. flagrans, A. oligospora, A. superba, Dactylaria Candida, 
Monacrosporium endermetum for their ability to capture nematode like Panagrellus siluriae, 
Coenorhabditis briggae, Meloidogyne incognita, Pratylenchus penetrans, Bursaphelenchus 
lignicolus, Neoaplectaria carpocapsae, Tylenchorhynchus spp., Hoplolaimus spp. and 
Xiphinema spp. The fungi employed in the study were not selective in their nematode-trapping 
behaviour and each fungus trapped and consumed all the different nematodes tested. 
Root-knot nematodes Meloidogyne spp. are also affected adversely by such fungi. 
Culture filtrates of some fiingi suppress their juvenile hatching and root penetration. Culture 
filtrate of Arthrobotrys oligospora, Dactylaria brochopaga and Curvularia pallescence 
inhibited hatching and juvenile penetration of Meloidogyne incognita and Heterodera zeae. 
The filtrate of A. oligospora was effective on M incognita at all concentrations while D. 
brochopaga reduced hatching significantly only at 80-100% concentration. A. oligospora 
culture filtrate significantly suppressed root penetration of tomato by M incognita (Kumkum 
and Swamp, 1986). Five nematophagous fungi Arthrobotrys arthrobtroyoides, A. conoides, A. 
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oligospora, Dactylella lobata and Fusarium oxysporum evaluated for their nematicidal effect 
on Meloidogyne hapla in greenhouse, showed that application of nematophagous fungi 
reduced the root galling by M. hapla and increased red-pepper growth in naturally infested pot 
soils. All fungi infected M hapla effectively in soil causing more than 90% mortality within 
one week (Jeong et al., 1993). Dactylella oviparasitica, a nematode- trapping fungus, was 
found naturally controlling root-knot nematodes even in the presence of a highly susceptible 
variety "Lovell" of peaches {Prunus persica) in California (Stirling et ai, 1979). The fungus 
Dactyella oviparasitica was found to be a more successful biological control agent against 
Meloidogyne spp. and occurred in close association with the nematode. Although 
Meloidogyne eggs were an important food source, the fungus was able to survive without the 
nematode (Stirling and Mankau, 1977). According to Saikawa and Morikawa (1985) the 
trappiong organs arise from sparsely developed non-septate hyphae as short lateral branches 
each with a slightly inflated terminal knob and the nematodes are captured by the adhesive 
substance secreted from the knobs. The biology of/), megalospora was studied by Esser et. al 
(1991). The fungus trapped and absorbed 18 genera of plant parasitic nematodes; 9 non-
parasitic nematodes were also trapped and preyed by the fungus (Esser et al., 1991). Two 
predaceous fimgi, an isolate termed "Royal 300" of Arthrobotrys robusta for the control of 
Ditylenchus myceliophagus on mushrooms (Cayrol et. al, 1978) and another isolate of 
Arthrobotrys termed "Royal 350" for the control oi Meloidogyne on tomato (Cayrol and 
Frankowski, 1979) are marketed for commercial use in France. Royal 350 reduces root-galling 
caused hy Meloidogyne spp. and increases yields of tomatoes (Cayrol, 1983). 
Estey and Tzean (1981) have shown that Arthrobotrys, Dactylaria and 
Monacrosporium dissolve cuticle of the nematodes by chemical means, before they penetrate 
the captured nematodes. The nematodes do not show any physiological response to their 
penetration action. The 3 cells of the constricting rings of Arthrobotrys dactyloides do not 
share equally in the production of hyphae that penetrate nematodes. Monacrosporium 
ellipsosporium was frequently observed associated with Meloidogyne egg masses in some field 
soils and in potted cultures of the nematodes. Six geographic isolates varied in the relative 
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predacity towards larvae emerging from egg masses. An aggressive isolate chosen for rapidity 
and abundance of trap formation in vitro, was tested in greenhouse and field tests for 
protection of tomato fromM incognita. A test of tomato in potted field soil inoculated at 1, 5 
and 10 g fiangal inoculum/ 15 cm pot, 15 days before nematode inoculation, showed significant 
reduction in plant damage at the 5 and 10 g levels but not at 1 g rate. Galling was reduced 42% 
and 49% respectively in the 5 and 10 g fungal treatment. Larvae in the soil and female/ plant 
were also significantly reduced (Mankau and Xuiying, 1985). Boag et al. (1988) studied the 
eflBciency with which the nematophagous fiangus Arthrobotrys dasguptae attached to a range 
of plant parasitic nematodes. Rotylenchus species and criconematid species retained many 
more detachable adheshive knobs than did other plant parasitic nematodes. More adheshive 
knobs were found on the anterior end of Rotylenchus robustus than on any other part of the 
body. The knobs attached only to one of the species tested in the genera Longidorus, 
Xiphinema, Trichodorus and Paratrichodorus. Jawich and Bochow (1989) used the 14-day-
old culture of Arthrobotrys tortor against Meloidogyne spp. in different substrates in 
greenhouse. About 84-90% reduction m Meloidogyne spp. infestation of tomato was achieved. 
Pelagatti and Piccola (1990) tested the effectiveness of the commercial product R 350 with a 
base of Arthrobotrys irregularis with an Italian population of Meloidogyne incognita on 
tomato in the greenhouse. The result showed significant effect on the nematode. 
Endozoic Fungi 
Lohde (1874) suggested for the first time about the possibility of using an endozoic 
fiingus Harposporium anguillulae in regulating nematode populations. But the knowledge of 
these endozoic fiingi, a biological group which is composed of diverse taxonomic entities has 
increased considerably during the last two decades (Barron, 1969; 1979). More than 50 species 
of endozoic fungi belonging to Phycomycetes and Deuteromycetes are known to be 
nematophagous. In most cases spores of this group of fungi are adhesive and are attached to 
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the cuticle prior to their germination and infection of the nematodes. Spores ingested by the 
nematodes and lodged in the alimentary canal also infect nematodes (Barron, 1980). 
Only a few endozoic fiingi are considered as serious biocontrol agents. Difficulty has 
been experienced in isolating some in pure culture because of their obligate parasitic nature. 
Among hyphomycetes which have been grown in culture, the most frequently encountered 
genera are Acrostalagmus, Harposporium and Meria. Among zoosporic forms which are not 
easily cultured artificially are Catenaria, Myzocytium and Haptoglossa. These organisms are 
incapable of parasitizing nematodes because the fungal spores cannot be ingested by them 
(Cooke, 1968). Spores of endozoic fungi are very small with little reserve food and remain 
dormant in the soil until become attached to a passing by nematode. Population of these fixngi 
and their distribution in the soil are, therefore, possible determinants of the efficiency in 
nematode control. Many of these fungi are highly susceptible to fungistatic inhibition (Giuma 
and Cooke, 1974). 
Ingestion of spores of Harposporium cmguillulae prior to their germination by plant 
parasitic nematodes was found to be effective for their control (Aschnar and Kohn, 1958). H. 
arthosporium was reported to parasitize nematodes only when its orthroconidia became lodged 
in the nematodes oesophagous (Barron, 1979). H. oxycoraeum, H. cycloides and H sicyodes 
isolated fi"om soil in Varanasi, India were found parasitizing the plant parasitic nematodes 
(Srivastava and Dayal, 1983). 
Meria coniospora, an endoparasitic fimgus, was found to infect a bacterial feeding 
nematode Panagrellus redivivus (Jansson 1982; Jansson and Nordbring Hertz, 1983). This 
fungus has also been found effective in reducing root galling caused by a root-knot nematode 
on tomatoes in greenhouse. AppUcation of the flingus by addition of conidial suspension to the 
soil and by induction of infected nematodes gave positive results (Jansson et al., 1985). 
Harposporium subuliforme an endozoic nematophagous hyphomycete, produced owl-shaped 
thin-walled conidia bearing an apical sticky process. An electron transparent substance was 
present at the site of contact between the conidium and the last integument, where a 
gemination bud had already developed. This substance appeared to be an adhesive material 
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produced by the fungus (Saikawa and Morikawa, 1985). Mycelial growth and rate of 
sporulation of M coniospora, Verticillium balonoides and H. anguillulae were tested in 
different liquid cultures. Conidia produced in liquid culture retained their parasitic capabilities 
(Lohmann and Sikora, 1989). The ultrastructural study of adhesion and initial stages of 
infection of nematode by conidia of D. coniospora was reviewed by Dijksterhius et al. (1990). 
The colonization and digestion of nematodes by D. coniospora were investigated by 
Dijksterhius et al. (1991). 
AppUcation of Panagrellus redivivus infected with M coniospora reduced galling 
caused by M incognita on tomatoes (Jayaprakash et. al., 1984). Townshend et al. (1989) used 
Arthrobotrys flagrans, A. oligospora and M. coniospora as biocontrol agents of Meloidogyne 
hapla on alfalfa and tomato. Alfalfa seeds coated with fungus-rye powder in 2% cellulose were 
planted in infested soil. Three-week-old seedlings from seed treated with M conisopora had 
60% and 58% fewer galls in two experiments than the seedlings from untreated seeds. Number 
of second stage juveniles of the nematode (J2) in the soil were not reduced, but plant growth 
improved. 
Catenaria auxiliaris and Nematophthora gynophila are two important zoosporic fungi 
involved in biocontrol of plant parasitic nematodes. They are obligate parasites. C. auxiliaris 
observed on females of Heterodera schachtii (Kuhn, 1877) also parasitizes females of 
Heterodera avenae and Globodera rostochiensis (Kerry, 1975; Kerry et al, 1976). N. 
gynophila parasitizes H. avenae, H. trifolii, H. cruciferae, H. goetingiana, and H. schachtii. 
It is not parasitic on G. rostochiensis (Kerry and Crump, 1977). The ability of 7^ . gynophila 
to infect nematodes is dependent upon adequate soil moisture (Kerry et al., 1980). Thick-
walled spores of A'; gynophila in the absence of nematode females appear to have a longetivity 
of atleast five years. 
In greenhouse, Hirsutella heteroderae a hyphomycete and parasite of juveniles of 
Heterodera schachtii was highly effective in the biological control of the nematode. In 
autoclaved soil with H. schachtii there was a reduction in cyst formation upto 58% while in 
naturally infested soil the reduction was upto 92% (Juhl, 1985). According to Jafifee and 
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Muldoon (1989) penetration of cabbage roots by H. schachtii was suppressed (50-77%) in 
loamy and naturally infested soil with the endozoic fiingus Hirsutella rhossilensis. It was found 
that 40-63% of the females had H. rhossilensis spores adhering to their cuticles. Infected 
nematodes were killed and filled with hyphae within 2-3 days. 
Tedford et al. (1993) studied the parasitism of//, rhossilensis on H. schachtii and M 
javanica in microplots over two growing seasons. The percentage of nematodes parasitized 
did not increase with nematode density, and nematode numbers were not affected by the 
fungus. The results indicated the long term interaction between populations of the fungus and 
cysts or root-knot nematodes but did not result in biological control. 
Lackey et al (1994) studied the effect of pelletizied hyphae of H. rhossilensis on 
penetration of tomato roots by M javanica and cabbage roots by H. schachtii in cups 
containing 100 cm^ of field soil. Suppression of nematodes per centimeter of root averaged 82 
or 98% in soil infested with egg masses or juveniles of M javanica and 83 or 93% in soil 
infested with cysts or juveniles of H. schachtii. Timper and Brodie (1993) observed the 
infection of Pratylenchus penetrans by nematode pathogenic fungi. Eleven fungal isolates were 
tested in agar dishes for pathogenicity of P. penetrans against the fiingi that produce adhesive 
conidia. //. rhossilensis was a virulent pathogen, Verticillium balanoides, Drechmeria 
coniospora and Nematoctonus spp. were weak or non-pathogens. The trapping fungi 
Arthrobotrys dactyloide, A. oligospora, Monacrosporium ellipsosporum and M coniopagum 
killed most of the P. penetrans adults and juveniles added to the fungus cultures. An isolate of 
Nematoctonus that forms adhesive knobs trapped only a small proportion of the nematodes. In 
Mere? vials, soil moisture influenced survival of P. penetrans in the presence of H. 
rhossilensis, nematode survival decreased with diminishing soil moisture. H. rhossilensis and 
M. ellipsosporum were equally effective in reducing numbers of P. penetrans by 24-25% after 
4 days in sand. After 25 days in soil artificially infested with H. rhossilensis number of P. 
penetrans were reduced by 25-53%. 
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Jaflfee and Zehr (1985) have shown that endozoic fungi are somewhat sensitive to 
fUngistasis, a shortcoming common to fungi, specialized for parasitism. These fungi are also 
inefficient saprophytes and lack capacity to become established in soils when introduced. 
Opportunistic Fungi 
In recent years, a group of fiingi, which are saprophytic deriving their nutrition through 
decomposition of organic matter, has emerged as promising biocontrol agents for management 
of endoparasitic nematodes. They are termed as "opportunistic" biocontrol agents because they 
parasitize some stages of nematodes whenever they get an opportunity to come in their 
contact. By adaptation, they are not nematode feeders (nematophagous). They infect, colonize 
and consume reproductive structures of Globodera, Heterodera and Meloidogyne at 
sedentary stages of their life cycle. When the females of Globodera and Heterodera break in 
through the root cortex and mature into the cysts and become exposed on the root surface, 
they become infected and colonized by these fiingi. Similarly egg masses o^Meloidogyne that 
emerge on the root surface are colonized by opportunistic soil fungi. Eggs o^Meloidogyne and 
Rotylenchulus released into the soil are rapidly colonized and destroyed. Eggs of sedentary 
endoparasites are more vulnerable to attack by opportunistic soil fiingi than those of migratory 
endoparasites (Siddiqui and Mahmood, 1996). Eggs are more suceptible to infection by these 
fungi and embryogenesis is inhibited and first stage juveniles fail to develop. Second stage 
juveniles are also colonized (Khan and Esfahani, 1990). Young females if parasitized show 
decreased fecundity. 
Some species of Cylindrocarpon, Fusarium, Rhizoctonia, Exophiala, Gliocladium, 
Paecilomyces, Phoma and Verticillium are prominent among such opportunistic fiingi. 
Besides, several others have also been claimed to be opportunistic biocontrol agents. Soil 
hyphomycetes like Paecilomyces lilacinus and Verticillium chlamydosporium have shown 
efficiency in biocontrol of endoparasitic nematodes (Jatala, 1986). Sedentary endoparasites like 
Meloidogyne, Heterodera and Globodera are most important plant parasitic nematodes 
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attacking over 90% of the food and fibre crops. Therefore, role of opportunistic soil 
hyphomycetes as biocontrol agents of these nematodes is of great significance in agriculture. 
Some have limited reproductive potential (Tribe, 1977; Mankau, 1981), while others require 
enriched laboratory media for sporulation or have limited saprophytic growth (Mankau, 1981). 
The efficacy and adaptibility of these fiingi in different soil and environmental conditions may 
vary (Jatala, 1985). Growth of these fiingi is known to be enhanced in the rhizosphere. The 
nematode cysts and eggs released into soil are highly vulnerable to deterioration and 
colonization. Once in contact with cysts or egg masses, these fiingi grow rapidly and eventually 
parasitize all eggs that are in early embryonic developmental stages. Apparently, when 
juveniles are formed the parasitic activities of these fiingi are generally reduced. It is believed 
that these fiingi have a better role in biocontrol of nematodes than the two earlier groups 
(Siddiqui and Mahmood, 1996). 
For the first time destruction of nematode eggs by Fusarium and Cephalosporium was 
noted by Lysek (1963). Later on Verticillium chlamydosporium, V. bulbillosum, Paecilomyces 
lilacirms, Acremonium bacillosporum etc. were found to perforate egg shells and enter eggs of 
nematodes (Lysek, 1966). Nigh (1979) found that eggs of H. schachtii were attacked by 
Acremonium strictum and Fusarium oxysporum in sugarbeet fields in California, U.S.A. Eggs 
of M incognita on potato roots were found to be infected by P. lilacinus (Jatala et al., 1979) 
Out of the 14 fiingal species evaluated as biocontrol agents isolated fi"om the Meloidogyne 
incognita egg masses, P. lilacinus was most effective (Villanueva and Davide, 1984). F. 
solani was found on and within the females, eggs and juveniles of M incognita by Khan and 
Hussain (1986). Infected juveniles and adults were deformed and thickly covered with fiingal 
mycelium and chlamydospores. 
Korab (1929) found cysts of Heterodera schachtii infected by Torula heteroderae. 
The fungus infected eggs and juveniles. Emrbryonic development of Heterodera avenae was 
found to be supressed by Cylimtocarpon radicicola (Goffart, 1932). A high incidence of 
infection of cysts by Metarrhizium anisopliae was observed by Rademacher and Scmidt 
(1933). Rosypal (1934) also found T. heteroderae in cysts of//, schachtii together with two 
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other fUngi. A number of fiingi were present in the cysts of Globodera rostochiensis in Peru 
and these fungi were shown to be capable of invading mature females and cysts of Globodera 
pallida (Jatala et al, 1979). 
Price et al. (1980) reported that root galling by M hapla decreased in the presence of 
Fusarium oxyporum f sp. lycopersici and Verticillium dahliae. Morgan-Jones et al (1981) 
encountered Verticillium chlamydosporium parasitizing M arenaria females and cysts of H. 
glycines. The eggs were shrivelled and black, containing spore-like bodies. Eggs contained 
controted juveniles. Regular colonization of cysts by the fiingi and presence of a relatively 
consistence mycoflora associated with these structures were confirmed by later studies (Gintis 
et al., 1983; Dackman and Nordbring-Hertz, 1985; Jatala, 1986; Morgan-Jones et al., 1981, 
1986). 
Soil samples fi"om 31 fields where cereals were gown for four successive years and 26 
fields of permanent pastures were sampled for both plant parasitic nematodes and 
nematophagous fiangi. Four potentially important fimgal parasites of Heterodera avenae were 
identified. These were Verticillium sp. (close to V. chlamydosporium), Nematopthora 
gynophila, Paecilomyces corneas and Cylindrocarpon destructans (Boag and Llorca, 1989). 
Qadri and Saleh (1990) studied the impact of several nematode antagonists on H. schachtii and 
M javanica by inhibition of the fimgus in field soil and by their addition to nematode culture 
on media and in pots. On agar, Acremoaium sclerotignum a sterile fijngus, Preussia sp., 
Verticillium and Fusarium solani parasitized 72-82% eggs of H. schachtii. V. 
chlamydosporium and F. solani destroyed 72-82% eggs of M javanica. 
Somathanam and Sethi (1994) studied the effect of culture filtrates of Rhizoctonia 
bataticola, Alternaria altemata, Aspergillus flavus, Penicillium chrysogenum and 
Trichoderma viride on juvenile hatching of M incognita. Increase in concentration of culture 
filtrates of the test fiingi and period of exposure induced greater inhibition of the hatch as well 
as mobility of the second stage juveniles of the nematode Culture filtrate of T. viride at lower 
concentration and shorter period of exposure resulted in enhanced hatch but culture filtrate of 
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K bataticola showed to be more potent in inhibiting the hatch as well as mobility fo M 
incognita. 
Paecilomyces lilacinus 
Among the opportunistic fimgi, Paecilomyces lilacinus has demonstrated tremendous 
potential as biocontrol agent of some important plant parasitic nematodes. In case of 
yieloidogyne, Tylenchulus and Nacobbus, the fungal hyphae first grows in the gelatinous 
matrix, then form a net work around the eggs and finally penetrate them (Jatala, 1986). 
The genus Paecilomyces was described by Bainier (1907) as a close relative of 
Penicillium. Its species Paecilomyces lilacinus was isolated in early 1978 from egg masses of 
Meloidogyne incognita acrita infecting potato roots. It frequently infects the eggs and 
occassionally the females of M incognita acrita. (Anon., 1979; Strattner, 1979; Jatala et al, 
1979; Jatala, 1982). Earlier Lysek (1966) had reported a perforation in nematode egg shell by 
P. lilacinus. Infection of eggs and females of M incognita acrita by the fiingus was recorded 
by Jatala et al. (1979) P. lilacinus was also found as an effective biocontrol agent of G. pallida 
(Jatala et al, 1981). Eggs of G. pallida on potato roots were infected and hatching declined 
due to increased infection of eggs by P. lilacinus. Dunn et al. (1982) reported development of 
an appressorium during colonization of eggs of root-knot nematode. Gintis et al. (1983) found 
P. lilacinus associated with the developmental stages of H. glycines in soybean field in 
Alabama, U.S.A., while Morgan-Jones et al. (1986) found the fiingus colonizing cysts of 
potato cyst nematode G. pallida and G rostochiensis in Peru. The fiingus was also found 
parasitizing eggs of M arenaria in an Alabama soil (Godoy et al, 1983). 
Jatala et al. (1979) found majority of eggs of M incognita acrita on potato roots 
collected from near Haunaco, Peru infected with P. lilacinus. Inoculation of nematode 
infected potato plants with the fimgus and examination of the egg masses after one month 
showed that the fiingus consistantly infected the eggs and occassionally the females of the 
nematode. It also penetrated the eggs within the cysts of Globodera pallida and egg masses of 
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M incognita acrita and eventually destroyed the embryo. In the first generation 80 - 90% of 
the eggs of the nematode in the fiingus inoculated plants were found to be destroyed. 
Penetration of the mature Meloidogyne females was through the anus or vulva. 
P. lilacinus causes egg deformation in M incognita with the help of diflfiisable toxic 
metabolites (Jatala, 1986; Jatala et al, 1985). The fungus causes alteration in eggs cuticular 
structure by enzymatic activity and helps hyphal penetration. This changes egg-shell 
permeability or causes perforation in the cuticle which allows seepage or fi-ee movement of 
diffusable metabolic compounds (Jatala, 1986). 
P. lilacinus is a chitin degrader (Okafar, 1967). Chitin constitutes the largest portion of 
nematode egg shell, while the larval cuticle lacks it. This explains the effectiveness of the 
fijngus as an egg destroyer which, however becomes almost ineffective once the nematode 
larvae is formed. P. lilacinus exhibits chitinase activity when grown on chitin agar plates 
(Gintis et al., 1983). Endreeva et al (1972) observed proteolytic activity of the fungus. The 
serine protease produced by P. lilacinus possibly plays a role in the penetration of the fungus 
through egg shell of the nematode (Bonants et al., 1995). This fungus penetrates the eggs of 
Meloidogyne at a much faster rate than it does those of Globodera or Nacobbus (Siddiqui and 
Mahmood, 1996). According to Isogoi etal. (1980) P. lilacinus produces a peptidal antibiotic 
P-168 which has a wide antimicrobial effect on fiingi, yeast and gram positive bacteria. 
Roman and Rodriguez- Marcano (1985) examined the effect of P. lilacinus on the 
larval development and root-knot formation by M incognita in tomato. The fiingus controlled 
the nematodes and reduced root-knot formation and thus fewer larvae were found in roots and 
soils of plants inoculated with the fungus. Culbreath et al. (1986) did not find any effect of P. 
lilacinus on M arenaria infecting Cucurbita pepo. However, root galling decreased when 
chitin was mixed with P. lilacinus colonized on rice as soil amendment. Hewlett et al. (1988) 
who assessed the efficacy of P. lilacinus against M javanica infecting tobacco also found no 
difference in root galling in the presence or absence of the fiingus. 
Jimez and Gallo (1988) found that P. lilacinus under glass house conditions infected 
eggs and sometimes females of M incognita, M. javanica and M arenaria. Sharma et al. 
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(1989) stated that P. lilacinus as biocontrol agent of M incognita acts better than any 
commonly used nematicides under field infestations. Khan and Esfahani (1990) studied the 
eflBcacy of P. lilacinus for controlling Meloidogyne javanica on tomato in the greenhouse 
conditions. Root galling and egg mass production were greatly reduced. The fungus was more 
effective when both organisms were inoculated simultaneously or the fungus preceded the 
nematode in sequential inoculation. A high percentage of eggs were found to be infected. Khan 
and Hussain (1990) reported that P. lilacinus reduced damage to cowpea caused by M 
incognita and Rotylenchulus reniformis. 
The potential of 13 P. lilacinus isolates obtained from various geographic regions was 
evaluated for their biocontrol efficiency against M incognita by Cabanillas et al. (1989). The 
best control of M incognita was provided by an isolate from Peru or a mixture of isolates of 
P. lilacinus. These isolates effected lower root-galling and necrosis, egg development, and 
enhanced shoot growth compared with plants inoculated with M incognita alone. The effect 
of temperature on the growth of P. lilacinus and the impact of soil temperature for controlling 
the nematodes was also investigated. Maximum fungal growth was found at 28 °C. As soil 
temperature increased fi-om 16 to 25 °C, both root-knot damage caused b y M incognita and 
percentage of egg masses infected by P. lilacinus increased (Cabanillas et al, 1989). 
While in micro-plot experiments, evaluating the effects of inoculum level and time of 
application of P. lilacinus on M incognita to protect tomato, Cabanillas and Barker (1989) 
found best protection against M. incognita with 10 and 20 g of the fungus infested wheat 
kernels and fungus alone delivered into soil 10 days before planting. Greatest suppression of 
egg development occurred in plots treated with P. lilacinus in pellets. Cameiro et al (1991) 
showed that population of M arenaria was significantly reduced by P. lilacinus when applied 
in different dosages. Zaki (1994) determined optimum/ effective dose of P. lilacinus for 
biocontrol of M javanica in tomato as 4 g of chick-pea seeds infested with the fungus per kg 
of soil in plots. 
Cabanillas et al. (1988) showed that root galling and giant cell formation were absent in 
tomato roots inoculated with nematode eggs infected with P. lilacinus. Few to no galls and no 
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giant cell formation were found in the roots dipped in a spore suspension of P. lilacinus and 
inoculated with M incognita. P. lilacinus colonized the surface of epidermal cells as well as 
the internal cells of epidermis and cortex. 
Screening of substrates suitable for the growth of P. lilacinus was carried out by 
Sharma and Trivedi (1987). Maximum and rapid growth of this fungus (3 days after 
inoculation) was noted on oil cakes of seasum followed by cotton, linseed, mustard and 
groundnut oil cakes in descending order. Among organic waste materials maximum fungal 
growth was noted on mungbean husk followed by cotton seed, guar powder, gram powder and 
rice husks. 
Zaki and Bhatti (1991) evaluated different whole grain substrates for the sporulation of 
P. lilacinus. The fungus sporulated properly on maize, gram, oats, rice and wheat grains. 
Maximum numbers of spores/ g were observed on rice (52.8 X 108) followed by gram (24.5x 
10^). P. lilacinus cultured on chick-pea seeds was most effective. The suitability of wood 
charcoal powder as a carrier of P. lilacinus for field application was studied in vitro by Bansal 
et al (1992). The storage of charcoal packets at constant (28 ± °C)/ ambient (14-39 °C) 
temperature or under aerated or non-aerated conditions did not influence the fungal spore 
viability. Maximum number of spores/ g material was 1 x 106. 
Paecilomyces lilacinus formulated on alginate pellets of diatomaceous earth granules 
showed promising results in nematode control (Cabanillas et al 1989). Mani and Anandan 
(1989) found that leaves of subabool and neem are suitable substrates and supported a higher 
spore load of P. lilacinus. A combination of castor leaves and P. lilacinus reduced gall index, 
population of 2nd stage juveniles, number of eggs/egg mass, and increased number of eggs 
destroyed and egg mass infection (Zaki and Bhatti, 1990). 
Jonathan et al. (1995) studied the biological control of root-knot nematode on 
betelvine {Piper betle) by P. lilacinus. Rice grains infected with the flmgus were inoculated in 
different doses per plant and compared with carbofuran as control. Better reduction of 
nematode population was observed in treating parasitic fungi infested rice grains at 8g/kg soil. 
The fiingus penetrated the egg masses and the egg masses contained empty egg shells. Some 
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oil cakes, waste materials, gram seeds and leaves of several plants are good substrates for P. 
lilacinus multiplication and growth (Sharma and Trivedi, 1987; Zaki and Bhatti, 1988; 
Siddiqui and Mahmood, 1994). 
Effect of delay in planting after application of chicken manure on Meloidogyne 
javanica and Paecilomyces lilacinus was studied by Oduor- Owino and Wauds (1996). The 
greatest decrease in nematode population was obtained with a six or eight week delay in 
combination with Paecilomyces lilacinus. P. lilacinus along with V. chlamydosporium and 
Trichoderma harziamim caused greater reduction in nematode multiplication in chickpea 
(Siddiqui ef a/. 1996). 
The possibility of using P. lilacinus along with the bacterium, Pasteuria penetrans for 
controlling M incognita in field microplots has been investigated. Dube and Smart (1987) 
found that nematode control was more effectively obtained when both organisms were applied 
together. Similar results were obtained in case of M javanica on tomato by Maheshwari and 
Mani (1988). Application o^ Pasteuria penetrans and P. lilacinus enhanced plant grov^^h and 
increased shoot and root weight and length in brinjal and significantly reduced M javanica gall 
indices both on brinjal and mungbean when these organisms were used alone or in combination 
with each other (Zaki and Maqbool, 1992). 
Verticillium chlamydosporium 
Verticillium chlamydosporium is a facuhative parasite of eggs and females of cyst and 
root-knot nematodes (Willcox and Tribe, 1974; Kerry, 1975; Morgan. Jones et al, 1981; 
Friere and Bridge, 1985) V. chlamydosporium has been reported not only to attack 
Meloidogyne spp., but also the juveniles and females of//, avenae prior to their reproductive 
stage (Kerry, 1980). Dackman and Nordbring- Hertz (1985) found that out of 15 different 
fimgi isolated from the different stages of H. avenae, V. chlamydosporium was common in 
young cyst. Irving and Kerry (1986) reported that V. chlamydosporium isolated from dead and 
immature eggs oiH. schachtii strains differed in their pathogenicity but all were parasitic and 
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capable of colonizing viable eggs, including those containing second stage juveniles. Eggs of 
sugarbeet cyst nematode. H. schachitii within cysts and females were more susceptible. This 
was not true v«th cereal cyst nematode, H. aveane. The biocontrol potential of V. 
chlamydosporium for root-knot nematode has been reviewed by Carbera et al. (1987) and Leij 
and Kerry (1991). The fungus requires some external nutrients for its establishment in soil and 
the colonization of nematode egg masses depends on fungal inoculum and on galling caused by 
the nematode (Leij etal, 1992). 
Effect of soil temperature and soil texture on efficiency of V. chlamydosporium has 
been examined. According to Leij et al (1992) optimal growth and sporulation on agar of an 
isolate of V. chlamydosporium occurred between 22-32 °C respectively. Total egg and juvenile 
counts showed that greatest control of Meloidogyne was achieved at 25 °C while control at 20 
°C and 30 °C was usually 60-70%. Morgan-Jones et al. (1983) showed that V. 
chlamydosporium prevented juvenile hatching of M arenaria and colonized eggs by hyphal 
penetration. Both egg shell and juvenile cuticle were found to be disrupted and fungal hyphae 
readily proliferated endogenously within eggs and juveniles. Leij et al. (1993) showed that V. 
chlamydosporium multiplied in peaty sand but not in loamy sand or sand. Consequently 
control of the root knot nematodes, M incognita and M hapla was in general greater in peaty 
sand than in other two soil types in a microplot experiment. In sandy loam, V. 
chlamydosporium controlled populations of M hapla on tomato plants by more than 90% in a 
large scale pot experiment in greenhouse. 
Clyde (1992) found that females of H. schachtii are subject to attack by V. 
chlamydosporium. The nematode population was significantly reduced but the suppressive 
effect of the fiingus was host dependent. More juveniles were killed on oilseed rape, but a 
reduction in fecundity attributed to the fungus was more apparent in females from beet. Kerry 
(1994) tested V. chlamydosporium as a potential biocontrol agent for cyst and root-knot 
nematodes. Effective isolates developed in the rhizosphere and rapidly colonized nematode 
females and eggs. However, isolates of V. chlamydosporium differed in their ability to colonize 
the rhizosphere and plant species and cultivars differed in their ability to support the fiingus. 
27 
The control of root-knot nematode population was dependent on the density of V. 
chlamydosporium in the rhizosphere and plant species and cultivars (Kerry and Bourne, 1994). 
Some factors in the development of V. chlamydosporium and Pasteuria penetrans as 
biocontrol agents of cysts and root-knot nematodes were studied by Kerry (1988). Leij et al. 
(1992) tested the potential control of M incognita by V. chlamydosporium and P. penetrans 
alone and in combination in a pot experiment. V. chlamydosporium was most effective. 
Majority of egg masses were colonized by P. penetrans and both resulted in 92% population 
control. 
In recent years more attention has been given to control endoparasitic nematodes 
particularly root-knot and cyst nematodes by using opportunistic soil hyphomycetes, especially 
P. lilacinus and V. chlamydosporium. These fiingi are ubiquitous, spread rapidly in soil and are 
present in abundance in the rhizosphere. In this position they are proximal to the reproductive 
structures of the nematode. Many of the known fungal enemies of nematodes, particularly the 
parasitic and predaceous forms are lacking in some of the key desirable characteristics of 
biocontrol agents and this may account for the lack of success where they have been tested. 
This does not appear to be the case with cyst and egg colonizing opportunistic soil fiingi, 
which also have the added advantage of being easily grown in axenic cultures and introduced 
into soil. Efforts are in progress to study various aspects of their occurrence, growth, 
culturing, adaptability and efficiency under varying agro-climatic conditions. 
Bacteria 
Bacteria attacking the nematodes are pathogenic or saprophytic is not yet distinct, 
because in most cases the bacteria have been observed within the body cavity, gut and gonads 
(Dollfus, 1946). Sayre (1971) stated that true nature of bacterial parasitism on nematodes 
could be resolved only after application of Koch's postulates. 
Pasteuria penetrans, a bacterium attacking nematodes has been effectively used as 
biocontrol agent against root-knot nematodes. Biocontrol efficiency of this bacterium has been 
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observed to vary under greenhouse and field conditions (Mankau, 1975; Sayre 1980; Stirling, 
1984). The spore-forming bacterium Pasteuria penetrca^ was originally described as a 
protozoan Duboscqia penetrans by Thome (1940). Then it was renamed as Bacillus penetrans 
by Mankau (1975) when its prokaryotic nature was established by electron microscopy. Sayre 
and Starr (1985) later placed it in the genus Pasteuria. 
Pasteuria spp. are pathogenic to several genera of plant parasitic nematodes (Sturhan, 
1988) but the potential of P. penetrans as a biocontrol agent has mainly been investigated on 
root-knot nematodes. The bacterium added to soil in pots has been found to cause significant 
reduction of root-knot nematodes in several studies (Stirling, 1984; Brown et al., 1985; 
Gowen and Ahmad, 1990; Tzotzakakis et at., 1997). Vasteuria penetrans has shown excellent 
synchronization with the developmental stages of root-knot nematode and that is why it has 
proved very effective. Bacillus penetrans (=P. penetrans) inhibited the penetration by 
Meloidogyne incognita 2nd stage juveniles into tomato roots (Brown etal., 1985). 
Another bacterium Pseudomonas denitrificans was found to play an important role in 
reducing the population ofXiphinema americanum by Adams and EichenmuUer (1963). The 
effect of Azotobacter chrococcum VP-5 on the hatching of egg masses and eggs of M 
incognita was investigated. Eggs were more susceptible as compared to egg masses (Chahal 
and Chahal, 1986). In in vitro and in vivo tests, A. chrococcum inhibited the hatching of egg 
masses ofM incognita and did not allow the larvae to penetrate into the roots of hosts to form 
galls (Chahal and Chahal, 1988). 
Preliminary studies on the potential of Pasteuria penetrans to control Meloidogyne 
spp. were done by Channer and Gowen (1988), Jayaraj and Mani (1988), Maheswari and Mani 
(1988) and Daudi et al., (1990). P. penetrans parasitizes larvae oiHeterodera species also. 
Maximum reductions in the cyst population of H. avcnae and H. zeae were obtained when 
spore infested soil was incubated at 30 °C before appUcation (Bhattacharya and Swarup, 
1989). The effect of different storage temperatures for a period of one, two and three months 
on spore adherence and viability of Pasteuria penetrans spores infecting Heterodera cajani 
was investigated. The spore adherence declined significanctly at 15 °C with no significant 
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reduction in spore viability. At 30 °C no significant decline in spore adherence or viability was 
observed but at 50°C a significant reduction both in spore adherence and viability was 
observed (Kumar and Dhawan, 1994). 
The biology, specificity and invasion of nematodes, survival and movement of spores in 
a soil of Pasteuria spp. was discussed by Dickson and Ostendon (1990) and Gowen and 
Ahmad (1990). The effect of temperature on attachment, development and interaction of P. 
penetrans on Meloidogyne arenaria was traced out by Hatz and Dickson (1992). The greatest 
attachment rate of endospores of P. penetrans occurred on 2nd stage juveniles at 30°C. Chand 
and Gill (1994) studied the effect of some abiotic factors on spore attachment ofVasteuria 
penetrans to juveniles of M incognita. They reported that maximum adherence of spores was 
observed at 26 °C at a moisture level of 50% and pH 7.6. 
The attachment of P. penetrans on Meloidogyne larvae was found to vary with the 
concentration of spores in the suspension (Zaki and Maqbool 1992). Ciancio and Bourifate 
(1995) studied the relationship between P. penetrans infection levels and density of M 
javanica and suggested a density dependent relationship between P. penetrans and M 
javanica. Studies on soil application of endospores of P. penetrans for suppression of M 
arenaria race 1 revealed that concentration of endospores are directly related to the control of 
nematodes (Chen et al, 1996). 
The life cycle of P. penetrans as endoparasite of M incognita was examined by 
scanning and transmission electron microscopy by Sayre and Wergin (1977). The infective 
stage begins with the attachment of an endospore to the surface of the nematode. A germ tube 
then penetrates the cuticle and mycelial colonies form in the pseudocoelom. Sporulation is 
initiated when terminal cells of the mycelium enlarge to form the sporangia. After the newly 
formed spores are released into the soil, these microfibers apparently called mature spora 
attach to the nematode. 
Five predominant developmental stages of P. penetrans were identified with light 
microscopy by Scrracin et al. (1997). Mature endospores were detected at 28, 35 and >90 
calender days at 35, 28 and 21 °C respectively. The number of accumulated degree- days 
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required for P. penetrans to reach a specific developmental stage was different for each 
temperature. 
Pasteuria penetrans with P. lilacinus gave a greatest suppression of M javanica on 
mung bean (Shahzad et al, 1990). Significant reduction of root-knot nematodes on brinjal and 
mung beans and increased plant growth was obtained when P. penetrans was combined with 
P. lilacinus. (Zaki and Maqbool, 1992). 
For nematodes, the success in developing biopesticides in comparision to the insects is 
minimal. Bacillus thuringenensis was the first biocontrol agent developed for the control of the 
insects (Burges, 1982). A number of strains of Bacillus thuringenensis and other species of 
Bacillus have been developed as bacterial insecticides. Some fixngi have also been developed as 
insecticides and are commercially used for insects. Such a progress is lacking for the 
nematodes. At the moment there is only one opportunistic fiingus namely Paecilomyces 
lilacinus, a strain of which is marketed as commercial product with trade name "Eicon" in 
Philippines (Timm, 1987). Besides, two other formulations ' Royal 300' and 'Royal 350' of a 
nematode trapping fungus Arthrobotrys robusta have been prepared in France. Royal 300 is 
used for controlling a mushroom infecting nematode Ditylenchus myceliophagus and 'Royals 
350' controls root-knot nematodes. In India as in other parts of the world efforts are in 
progress to study various aspects of a number of promising biopesticide candidates and new 
ones are being identified and searched. It is expected that some biopesticides for the nematodes 
will be commercially available in India in recent fiiture. 
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MATERIALS AND METHODS 
Infestation of root-knot nematodes 
Five districts located in the western part of the state of Uttar Pradesh were surveyed 
for assessing the infestation of vegetable fields by root-knot nematodes. Root samples of 
vegetable crops (eggplant, tomato, pepper, okra, bottlegourd etc.) grown in the districts were 
collected fi"om the fields of each locality. Localities included in the survey are given as under. 
District Localities 
Aligarh Alapur Garia, Haiderpur, Khair Road, 
Sasni 
Agra Runakta, Tundla, Fatehabad, 
Firozabad, Iradatnagar. 
Etah Kasganj, Ganjdundwara, Kadirganj, 
Jalesar, Rudain, Etah. 
Bulandshahr Sikandrabad, Dankaur, Shikarpur, 
Khurja, Gulavthi, Siyana, Bulandshahr 
Ghaziabad Muradnagar, Modinagar, Hapur, 
Pilkua, Surajpur, Ghaziabad 
Root samples of the vegetable crops obtained fi-om each locality of the districts were 
washed fi^ee of soil particles and examined for the presence of root-knot disease. Incidence of 
the root knot disease (disease fi-equency) and gall index and egg mass index were determined 
for these localities and percent fi-equency of occurrence of different Meloidogyne spp. present 
in the infected root samples were recorded. 
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Disease incidence (disease frequency), Gall index and Egg mass index 
Incidence of the root-knot disease (disease frequency) in the root samples of vegetable 
crops collected from each locality was determined by the formula given below: 
No. of root samples infected 
with root-knot nematodes 
Disease frequency = xlOO 
No. of root samples collected 
The diesease intensity was determined on the basis of gall index and egg mass index. 
Gall index and egg mass index were rated on 0-5 scale as follows. 
0=0; 1= 1-2; 2= 3-10; 3= 11-30; 4= 31-100 and 5= move than 100 galls or 
egg masses per root system (Taylor and Sasser, 1978). 
Frequency of Meloidogyne spp. 
The species present in each root sample were identified using the perineal pattern 
method or conducting North Carolina host differential tests wherever necessary and frequency 
of the species in the root samples of each locality was determined by the formula given below. 
Single egg mass cultures of Meloidogyne spp. were raised on tomato, Lycopersicon 
esculentum Mill. cv. Pusa Ruby seedlings grown in pots containing sterilized field soil. 
No. of root samples in which a given 
species was present 
Frequency of a species = x 100 
Total no. of infected root samples 
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Fungi associated with egg masses of root-knot nematodes 
Frequency of fungi in different localities of the district 
Egg masses/eggs of Meloidogyne spp. present in the root samples of vegetable crops 
collected from each locality of the districts were examined under the microscope to observe 
association of soil fiangi and frequency of occurrence of the ftingi found associated with egg 
masses was determined as given under: 
No. of egg masses showing 
association with the fiingus 
Frequency of a fiingus= x 100 
No. of egg masses examined 
The total frequency of occurrence of each fungus found associated with egg masses of 
root-knot nematodes for each district was also calculated by the formula given below: 
Sum total of frequency of the fiingus in 
each locality 
Total frequency of occurence= x>iJ20 
of a fiingus in a district No. of localities surveyed 
As Meloidogyne incognita and M javanica showed higher frequency of occurrence in 
the root samples of vegetable crops in the study area Meloidogyne incognita was selected as 
test root-knot nematode for experimental studies. 
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Isolation of fungi associated with egg masses 
Egg masses showing fungal associations, obtmned from infected roots of each locaUty 
were thoroughly washed and plated on potato dextrose agar (PDA) contained in sterilized 
petriplates. 
Twenty ml of the medium was taken in each sterilized petriplates and a small quantity 
of streptomycin was also added to each petriplate to check bacterial contaminations. The egg 
masses were placed on the surface of the solidified medium and slightly appressed under 
aseptic conditions on a laminar flow bench. Thenafter the inoculated petriplates were incubated 
at 27 ± 1°C for a week in an incubator and fungal colonies developing on and around egg 
masses were examined and identified. The fungi apparently penetrating the egg masses/ eggs 
were isolated/ multiplied and maintained on PDA slants for further studies. 
Effect of culture filtrates of some fungi on juvenile hatching 
Paecilomyces lilacinus and Rhizoctonia bataticola, isolated from the egg masses were 
used in this experiment for obtaining culture filtrates and evaluating their effect on juvenile 
hatching ofM incognita. In addition to the isolate of P. lilacinus isolated from egg masses of 
root-knot nematodes infecting vegetable (designated as local), an isolate obtained from the 
International Potato Research Centre, Lima, Peru (designated as foreign) was also used in the 
study. The culture filtrates of P. lilacinus (both isolate, local and foreign) and R. bataticola 
were obtained by growing them separately in sterilized potato dextrose broth in 250 ml 
Erlenmeyer flasks for 7 days in the incubator. After the incubation period, the mycelial mats 
were removed and the media were filtered through Whatman paper No. 1 and 2. The filtrate 
obtained was designated as standard solution(S). Further dilutions (S/2, S/10, S/lOO, S/1000) 
were prepared by adding requisite amount of sterilized distilled water. 
Five average sized fresh egg masses of M incognita obtained from tomato roots 
maintaining single egg mass culture of the nematode were placed in 5 ml of different dilutions 
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of culture filtrates of the above mentioned fijngi contained in sterilized petriplates (3 cm diam). 
The plates having only sterilized distilled water served as control. Each treatment was 
repUcated five times. The plates were examined after 24, 48 and 72 h for hatching of juveniles 
and the number of juveniles hatched was counted at each interval. 
Effect of culture filtrates of some fungi on juvenile mortality 
The culture filtrates of both isolates of P. lilacinus and R. bataticola used in the 
experiment was obtained as in the previous experiment (juvenile hatching). 
Freshly hatched second stage juveniles M incognita used in the experiment were 
obtained from the egg masses of the nematode maintained on tomato roots. The egg masses 
were kept on a double layer of facial tissue paper supported by a coarse sieve. The sieve was 
placed over the petriplate having sufficient water to touch the bottom of the support. A small 
amount of water was poured over the egg masses. After 24 hours, the hatched juveniles were 
collected fi-om the petriplates and used for the experiment. 
One hundred 2nd stage juveniles (J2) of the root-knot nematode were placed in 5ml of 
different concentrations of culture filtrates of the fiingi separately contained in sterilized petri 
plates (3 cm diam). Plates were incubated at room temperature. The plates were examined 
after 24, 48 and 72 h. and the number of dead juveniles in each concentration were counted. 
For each concentration, there were 5 replicates. 
EfHciency of some selected fungi as biocontrol agents by artificial inoculation of 
egg masses 
Efficiency of some selected fimgi found penetrating egg masses/ eggs in field samples 
were tested under artificial inoculation of egg masses. Egg masses ofM incognita, maintained 
as single egg mass culture on tomato (Lycopersicon esculentum Mill. cv. Pusa Ruby), were 
picked fi'om the roots and dipped in mercuric chloride (0.01%) for 1 to 3 min and washed 
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repeatedly in sterilized distilled water to remove the traces of mercuric chloride. Later, these 
surface sterilized egg masses were placed on cooled solidified PDA in petriplates. The fungi to 
be tested were inoculated separately over egg masses. The whole procedure was carried out on 
laminar flow bench. Petriplates having only surface sterilized egg masses with no fungus served 
as control. The petriplates (with inoculated egg masses and non-inoculated egg masses) were 
incubated at 27±1°C in an incubator. After the incubation period of a week, the egg masses 
were examined for penetration of the fungus into the egg masses and subsequently, the 
infection of eggs. For determining the percentage of infected eggs in each egg mass, the egg 
masses obtained from both inoculated and control petriplates, were stained with cotton blue in 
lactophenol and the egg masses were gently pressed over a glass slide to separate the eggs. 
The number of eggs infected with the test fijngus were counted under the microscopic fields 
and percentage of infected eggs was calculated. 
Effect of Paecilomyces lilacinus/ Rhizoctonia bataticola on plant growth and 
development of root-knot nematode, Meloidogyne incognita on tomato 
Raising and maintenance of test plants 
Seeds of tomato {Lycopersicon esculentum Mill.), cv. Pusa Ruby selected as test plant 
for the experiments conducted during the course of investigrations, were surface sterilized 
with 0.01 % mercuric chloride. Seeds were placed in the solution for 2 min and washed thrice 
with sterilized distilled water to remove traces of mercuric chloride. Seedlings were raised in 
clay pots containing autoclaved field soil (66% sand, 24% silt, 8% clay, 2% OM; pH 7.7). 
Three- week-old seedlings were transferred to 9 cm diam. clay pots (one seedling per pot) 
filled with sterilized field soil. Watering was done whenever required. Such potted seedlings 
were inoculated for the experiments as described later. 
Nematode inoculation 
Experimental pots with plants were inoculated with second stage juveniles (J2) in 
water suspension. The nematode inoculum in the form of J2 was obtained by incubating egg 
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masses in sterilized water. A large number of egg masses of M incognita freshly collected 
from the tomato roots, maintaining single egg mass culture of the species, were kept on a 
double layer of facial tissue paper supported by a coarse sieve. It was placed over the 
petriplates having suflBcient sterilized water to touch the bottom of the support. A small 
amount of sterilized water was also poured over the egg masses. After 24 h, the hatched 
juveniles were collected from the petriplates and used for inoculation of the seedlings in the 
experiments. Number of the juveniles (J2) per ml was standardized by counting 10, 1 ml 
samples of the suspension and calculating the average. 
For inoculation, roots of seedlings (3-4 week-old) were partially exposed carefixUy 
removing the top layer of soil, and measured quantity of the suspension containing J2 of the 
nematode was pipetted out uniformly on the exposed roots. Each seedling of the pots 
designated to receive the nematode were inoculated with 2000 J2 Then the roots were 
covered with the same soil and light watering was done. 
Fungal inoculation 
Pure cultures of Paecilomyces lilacinus (local) and Rhizoctonia bataticola isolated 
from egg masses and maintained as stock cultures in tubes containing PDA were used in the 
experiment. For raising inoculum, the fiingi were grown on PDA broth, in 250 ml Erlenmeyer 
flasks. The flasks containing sterilized medium (20 ml in each) were inoculated with the desired 
fungus and the flasks were maintained in an incubator 27 ± 1°C for a week. 
After the incubation period, the mycelial mat was removed and washed in distilled 
water to remove the traces of the medium. Then it was gently pressed between sterile blotting 
papers to remove the excess amount of water. Ten gram of the fiingal mycelium (mat) was 
placed in 100 ml of sterilized distilled water and blended for 30 sec in a waring blender. Each 
10 ml of this homogenate thus contained 1 g of the fiingus. The desired quantity of the 
suspension level depending upon the inoculum, was poured near the roots exposed by 
removing the top layer of the soil. The roots were then covered with the soil again. Care was 
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taken to keep the inoculated pots moist for 3-4 days for stabilization of the fungus. In these 
experiments following treatments, varying the fungus, were used. 
Tl = Plant (uninoculated)- control 
T2 = Plant + Nematode (M incognita) 
T3 = Plant + Fungus (P.lilacimuslR.bataticold) 
T4 = Plant + Fungus(/'.//7ac/ww5/i?. Z)ato//co/a)+Nematode 
Each treatment was replicated five times and the pots was arranged on glasshouse 
benches in complete randomized block design. 
Combined effect of P. lilacinus and R. bataticola on plant growth and development 
of root-knot nematode, Meloidogyne incognita on tomato 
This experiment was carried out to study the combined effect of Paecilomyces lilacinus 
and Rhizoctonia bataticola on plant growth and development of root-knot nematode, M 
incognita on tomato. The methods and materials were same as described for the previous 
experiment. The treatments were as follows: 
Tl = Plant (uninoculated)- control 
T2 = Plant + Nematode (M incognita) 
T3 = Plant + P. lilacinus 
T4 = Plant + R. bataticola 
T5 = Plant + P. lilacinus + R. bataticola 
T6 = Plant + P. lilacinus + Nematode 
T7 = Plant + R bataticola + Nematode 
T8 = Plant + P. lilacinus + R. bataticola + Nematode 
Each treatment was replicated five times and the pots was arranged on glasshouse 
benches in complete randomized block design. 
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Effect of sequential inoculations of Paecilomyces lilacinus/ Rhizoctonia bataticola 
and Meloidogyne incognita on plant growth and root-knot nematode development 
on tomato 
This experiment was carried out to study the effect of sequential inoculations of 
Paecilomyces lilacinus/ Rhizoctonia bataticola and root-knot nematode (Meloidogyne 
incognita) on plant growth and root-knot nematode development on tomato. The materials 
and methods were same as described for the previous experiments. The treatments used are as 
under. 
Tl = Plant (unincoulated)- control 
T2 = Plant + Nematode (M incognita) 
T3 = Plant + Fungus ( P. lilacinus/R. bataticola) 
T4 = Plant + Nematode + Fungus (simultaneous) 
T5 = Plant + Nematode 1 week before fungus 
T6 = Plant + Nematode 2 week before fungus 
T7 = Plant + Nematode 3 week before fungus 
T8 = Plant + Fungus 1 week before Nematode 
T9 == Plant + Fungus 2 week before Nematode 
T10 = Plant + Fungus 3 week before Nematode. 
Each treatment was replicated 5 times and the pots were arranged on glasshouse 
benches in complete randomized block design. 
Effect of culture filtrates of Paecilomyces lilacinus/ Rhizoctonia bataticola on 
plant growth and root-knot nematode development on tomato 
Methods for raising of seedlings, preparation of the nematode inoculum in the form of 
J2 and obtaining of culture filtrates of the fixngi used in the experiment were same as described 
in the previous experiments. 
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Three-week-old seedlings of tomato cv. Pusa Ruby, raised in autoclaved soil were 
carefully uprooted and their roots were washed with sterilized water. Roots of the seedlings 
were separately dipped in the culture filtrates of each fungus (P. lilacirtus or R. bataticola) 
separately for 10, 20 and 30 min. The seedlings were then transferred singly to 9 cm. diam. 
pots containing sterilized field soil. Each seedling was inoculated with 2000 fi-eshly hatched J2 
of M. incognita . The treatments of the experiment are given below. Each treatment was 
replicated five times and the pots were arranged on glasshouse benches in complete 
randomized block design. 
Tl = Plant (uninoculated)-control 
T2 = Plant + Nematode (M incognita) 
T3 = Plant (10 min. dipping ) 
T4 = Plant (20 min. dipping) 
T5 = Plant (30 min. dipping) 
T6 = Plant (10 min. dipping) + Nematode 
T7 = Plant (20 min. dipping) + Nematode 
T8 = Plant (30 min. dipping ) + Nematode 
Each treatment was replicated five times and the pots were arranged on glasshouse 
benches in complete randomised block design. 
Spore count of Paecilomyces lilacinus on various organic substrates (agricultural waste 
and other organic materials) for field application 
This experiment was conducted to identify a suitable and cheap substrate to serve as a 
nutrient source for soil application of P. lilacinus for establishment of the fungus in soil. 
Five organic substrates namely rice husk {Oryza sativa), mung bean husk, (Vigna 
radiata), gram (chick pea) husk {Cicer arietimim ), wood charcoal powder and sawdust were 
used in the experiment. The husks of rice, mung bean and gram were collected from the local 
factories. Sawdust and wood charcoal used as feul were obtained from shops. These materials 
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were powdered and placed in Erlenmeyer flasks (size 125 ml) separately. The substrates were 
moistened and autoclaved for 50 min. 
Seven-day-old fungal colonies grown on PDA in petriplates were flooded with sterile 
distilled water and the agar surface was lightly rubbed with a sterile loop to release the spores. 
The resulting spore suspension was collected in a sterile flask and homogenized with 2 drops 
of Tween 20. The autoclaved substrate (15 g in each flask) was inoculated with 3 ml spore 
suspension separately and incubated at 27°+1° C for 10 days. The flasks were shaken on 
mechanised shaker for the first two days to promote uniform growth. To obtain the spore 
suspension, 1 g of the substrate wdth the fiingus was placed in 50 ml sterile distilled water in a 
beaker and stirred with a glass rod to release the spores. Then the suspension was passed 
through a 60 and 80 mesh sieves and collected in a beaker. The concentration of the spores in 
the suspension was determined with a heamocytometer. Spore load per gram (SLPG) was 
calculated by using the formula given below (Mathur and Bennum, 1974). 
SLPG = NxVxlO,000 
W 
where N = Number of spores in the central square 
V = Volume of the mounting fluid added to the sediment and 
W = Weight of the substrate 
Effect of soil application of Paecilomyces lilacinus grown on various organic 
substrates on plant growth and root-knot nematode development on tomato 
The eflBciency of application of P. lilacinus grown on various substrates for 
management of root-knot nemadote M incognita was determined in pots using tomato as test 
plant. The experiment was performed in the same way as described previously except that the 
organic substrates with the fiangus were used for inoculation in place of the myceUal 
suspension of the fungus. The treatments of the experiments were as follows. 
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Tl = Plant (uninoculated)-control 
T2 = Plant + Nematode 
T3 = Plant + Nematode + P. lilacinus on rice husk 
T4 = Plant + Nematode + P. lilacinus on mung bean husk 
T5 = Plant + Nematode + P. lilacinus on gram husk 
T6 = Plant + Nematode + P. lilacinus on sawdust 
T7 = Plant + Nematode + P. lilacinus on wood charcoel 
Each treatment was replicated five times and the pot were arranged on the glasshouse 
benches in complete randomized block design. 
Effect of applications of Paecilomyces lilacinus grown on gram husk and gram 
husk alone on plant growth and development of root-knot nematode on tomato. 
This experiments was carried out to differentiate the influence of gram husk alone 
(without the fungus) and gram husk with the fungus on root-knot nematode development and 
plant growth of tomato. The methods and materials were same as described earlier for other 
experiments. 
Tl = Plant (uninoculated)- control 
T2 = Plant + Nematode (M incognita) 
T3 = Plant + Gram husk (uninoculated) 
T4 = Plant + Gram husk (inoculated with P. lilacinus) 
T5 = Plant + Gram husk (uninoculated) + Nematode 
T6 = Plant + Gram husk (inoculated with P. ///ac/«M5)+Nematode 
Each treatment was replicated five times and the pots were arranged on glasshouse 
benches in complete randomized block design. 
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Effect of different doses of Paecilomyces lilacinus added in soil on plant growth 
and root-knot nematode development on tomato 
This experiment was carried out to determine optimum dose of P. lilacinus for 
application in soil for effective management of root-knot nematode on tomato. The methods 
and materials were same as described earlier. The treatments used in the experiment are given 
below. 
Tl = Plant (uninoculated)-control 
T2 = Plant + Nematode (M incognita) 
T3 = Plant + Nematode+2 gm P. lilacinus on gram husk 
T4 = Plant +Nematode+4 gm P. lilacinus on gram husk 
T5 = Plant +Nematode +6 gm P. lilacinus on gram husk 
T6 = Plant + Nematode +8 gm P. lilacinus on gram husk 
Each treatment was replicated five times and the pots were arranged on glasshouse 
benches in complete randomized block design. 
Influence of temperature on growth oi Paecilomyces lilacinus isolates 
The 3 isolates oi Paecilomyces lilacinus obtained fi'om different geographic regions of 
India (isolated fi^om Bulandshahar, Jhansi and Hyderabad were cultured on potato dextrose 
agar (PDA) at 27 ± 1°C. All stock cultures were stored at 5 °C. Most isolates sporulated 
within 3-5 days on PDA and by 7 days mycelial growth and spores almost covered the surface 
of the medium in 9 cm diam. petriplates.Eflfect of varying temperatures (16, 20, 24, 28, 32 and 
36 °C on growth of each isolate was assessed by seeding of 20 ml potato dextrose broth (125 
ml Erlenmyer flask) with a 5 mm disc cut fi^om the advancing edge of 7 days old P. lilacinus 
cultures on PDA. The flasks were incubated at temperatures 16, 20, 24, 28, 32 and 36 °C for 7 
days. All flasks were manually agitated every 24 h to maintain adequate aeration. After 
incubation the fluid was removed fi^om the cultures by filtering through whatman No. 50 filter 
44 
paper. Then after that the filter paper and fiingal samples were placed on petriplates in an oven 
at 80 °C for 8 h and then weighed. There were 5 flasks (replicate) per isolate at each 
temperature. 
Comparative biocontrol efficacy of different isolates of Paecilomyces lilacinus on 
the development of root-knot nematode, Meloidogyne incognita and plant growth 
of tomato 
Biocontrol efficacy of four isolates of P. lilacinus for management of root-knot 
nematode M incognita on tomato was compared in a pot experiment. In this experiment four 
isolates of P. lilacinus designated as PI 1, PI 2, PI 3 and PI 4 obtained fi-om Peru, Bulandshahr, 
Jhansi and Hyderabad and the mixture was used for comparison. Methods for raising of 
seedlings, preparation of the nematode inoculum in the form of J2 and the fungal inoculum in 
the form of mycelial suspension were same as in the other experiments. In this experiment the 
following treatments were used. 
Tl = Plant (uninoculated)-control 
T2 = Plant + Nematode (M incognita) 
T3 = Plant + PI 1 (Peru) 
T4 = Plant + PI 2 (Bulandshahr) 
T5 = Plant + PI 3 (Jhansi) 
T6 = Plant + PI 4 (Hyderabad) 
T7 = Plant + PI 5 (Mixture of PI 1+2+3+4) 
T8 = Plant + Nematode + PI 1 
T9 = Plant + Nematode + PI 2 
T10 = Plant + Nematode + PI 3 
T i l = Plant + Nematode + PI 4 
T12 = Plant + Nematode + PI 5 
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Each treatment was replicated five times and the pots were arranged on glasshouse 
benches in complete randomized block design. 
Effect of temperature and moisture on spore attachment of Pasteuria penetrans to 
the second stage juveniles oiMeloidogyne incognita 
Pasteuria penetrans preparation having a spore load of 100,000 spore/mg of root 
powder was prepared as described by Stirling and Wachtel (1980) and designated as "Parasite 
preparation". Ten g of sterilized sand was taken in 5 cm diam. petriplates to which parasite 
preparation @ 2 g/kg was added. Fifty second stage juveniles(J2) of M incognita in two ml of 
water were added to each petriplates. Five such replicate dishes were incubated at 15,25 and 
35°C for 24, 48 and 72 h. The juveniles of the nematode were extracted by shaking the sand in 
water and decanting through 500 mesh sieve. Twenty nematodes from each replicates were 
picked at random and number of spores attached per J2 was counted under the microscope. 
In order to study the effect of soil moisture on spore attachment 25, 50, 75 and 100 
percent of field capacity moisture levels were maintained in petriplates containing the bacterial 
spores and M incognita juveniles (J2) in soil. These petriplates were incubated at 27 °C for 
72 h, washed and finally observed for spore attachment. 
Individual and combined effect of Paecilomyces lilacinus and Pasteuria penetrans 
on plant growth and development of root-knot nematode, Meloidogyne incognita 
on tomato 
Fungal inoculum 
The fiingal inoculum of/*, lilacinus was maintained and cultured as mentioned before. 
Bacterial inoculum 
Spore suspension of P. penetrans was made and kept for 24 h. Freshly hatched second 
stage juveniles of M incognita (J2) were added to the spore suspension and kept for 24 h in a 
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shallow dish. Tomato plant in pots in the glass house maintained at 27 °C were inoculated with 
5000 infested J2. After 7-8 weeks the root system was removed air dried and ground with a 
laboratory grinder until passed through a 710 mesh sieve. This dried ground root material 
served as a source of P. penetrans. One half gram of the obtained powder containing P. 
penetrans was added to all the treatments designated to receive P. penetrans and mixed with 
the soil. Immediately following the addition of the fungal or bacterial inoculum or both, 2000 
J2 of M incognita were added into the pots as per the treatments. The experiment was 
maintained in a glasshouse for 60 days at temperature of 27 °C. 
Tl = Plant (uninoculated)- control 
T2 = Plant + Nematode (M incognita) 
T3 = Plant + P. lilacitms 
T4 = Plant + P. penetrans 
T5 = Plant + P. lilacinus + P. penetrans 
T6 = Plant + P. lilacinus + Nematode 
T7 = Plant + P. penetrans + Nematode 
T8 = Plant + P. lilacinus + P. penetrans + Nematode 
Each treatment was replicated fives times and the pots were arranged in a complete 
randomized block design. 
Recording of data 
At the end of all the experiments related to plant growth and development of root-knot 
nematode on tomato, plant growth parameters (lengths, fi-esh and dry weights of roots and 
shoots) and parameters related to root-knot disease (GI, EMI, eggs/egg mass, % infected eggs, 
nematode population and Rf) on the host were considered. Plants were uprooted after 60 days 
of inoculation and the roots were throughly and gently washed. The length (in cm) and fresh 
and dry weights (in g) of shoot and root were determined separately. Before weighing the 
plants for weight, excess amount of water was removed by putting shoots and roots between 
blotting sheets. For dry weight, shoots and roots were dried in an oven at 60 °C and weighed. 
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Before drying the plants, roots of plants from each treatment were examined and 
number of galls and egg masses present were counted. Root gall index (GI) and egg mass 
index (EMI) was rated on 0-5 scale (Taylor and Sasser 1978). 
For determing number of eggs/ egg mass, 10 egg masses were placed in a container 
with 100 ml of 0.5% sodium hypochlorite (NaOCl) solution. The container was tightly capped 
and shaken vigrously for three minutes. Shaking partially dissolved the gelatinous matrix, 
freeing eggs from the egg masses. The suspension of eggs was poured through a 200 mesh 
sieve nested upon a 500 mesh sieve. Thenafter eggs were washed free of residual NaOCl 
solution under a slow stream of tap water. The concentration of eggs per ml was standardised 
by counting the eggs from ten, 1 ml samples and the total number of eggs was estimated and 
average was determined. 
For determining the percentage of eggs infected with the fungus, randomly selected egg 
masses from the roots of various treatments receiving the nematode, were stained with cotton 
blue in lactophenol and pressed on the glass sUdes to seperate the eggs. The number of eggs 
infected with the ftingus was counted under the microscopic field and percentage was 
calculated. In addition to it, deformity and abnormal development of juveniles and their 
infection in the eggs was also examined and noted. 
To estimate root populations of the nematodes, roots from each repUcates of the 
treatment were weighed and cut into small pieces (2-3 cm). One gram of the root pieces was 
stained with acid fiichsin and lactophenol solution (Byrd et al, 1983). Each root piece was 
gently pressed between two glass slides and examined with a stereoscopic microscope and 
numbers of J2, J3+J4 were counted, from which the total number for the whole root system 
was calculated. To count the number of females, 1 g. of root pieces was transferred into 5% 
HNO3 and incubated at 25°C. After 72 h. the root piece were gently teased to release the 
females (Khan and Haider, 1991). These were counted and the total for the whole root system 
calculated. Soil population densities of J2 and males in each treatment were estimated by 
modified Cobb's sieving and decanting method (Southey, 1986). The reproduction factor was 
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calculated as Rf = Pf/Pi, where Pf is the final population and Pi is the initial population (2000 
j2) (Oostenbrink, 1966). 
Statistical analysis: 
Experiments were conducted in complete randamized block design. The data obtained 
were subjected to analysis of variance (ANOVA) to determine significance and CD was 
calculated at P= 0.05 and 0.01 to separate the means of replicate for significance (Panse and 
Sukhatme, 1954). The ANOVA model adopted for the analysis of variance comes as follows : 
CF = G T 2 
RxT 
SS (Replicate) = R12+R22+R32+R42+R52 . . . . 
CF 
No. of replicates 
SS (Treatment) = Tl2+T22+T32+T42+T52 -
CF 
No. of treatment 
SS (Total) = Sum of square of every value - CF 
SS (Error) = SS (Total) - (SS(treatment)+SS (replicate) 
MSE = SS (Error) 
df 
CD at 5% or 1% 
J 
MSEx2 
x t 05, 0.01 
R 
ANOVA Table 
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SV df SS MSS = SS 
df 
F =MSS(T) 
MSE 
Replicate 
Treatment 
Error 
Total 
Abbreviations used 
GT 
R 
T 
CF 
SS 
MSE 
CD 
= 
= 
= 
= 
= 
= 
= 
Grant total 
Replicate 
Treatment 
Correction factor 
Sum of squares 
Mean standard error 
Critical different 
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RESULTS 
Root-knot nematodes and fungi associated with egg masses 
District Aligarh 
Root samples of vegetables were collected from four different localities of the district 
Aligarh (Table 1) and examined in the laboratory. Eggplant and tomato were the common 
crops growing extensively in these localities. Root-knot infection was observed in all the 
localities surveyed. Out of 222 root samples collected, 157 were found to be infected with 
root-knot nematodes. Root samples from each locality were infected with M incognita or M 
javanica or both the species occurred in the same root sample. Highest frequency of root-knot 
disease was recorded in Haiderpur (96.0%) followed by Sasni (64.4%), Alapur Garia (56.7%) 
and Khair Road (51.4%). Overall (total) frequency of occurrence of root-knot disease in the 
samples was, therefore, 67.1%. Gall index (GI) and egg mass index (EMI) ranged between 1-
5 (Table 1). 
The fungi naturally associated with egg masses were isolated and identified. Twelve 
fiingal species i.e. Fusarium sp., Fusarium solani, Penicillium sp., Aspergillus sp. Alternaria 
sp., Helminthosporium sp., VerticiIlium sp., Curvularia lunata, Rhizoctonia bataticola, Mucor 
sp., Trichoderma sp. and Cladosporium sp. were found to be associated with egg masses. The 
total frequency of occurrence of the species was 50.45, 47.22, 42.85, 27.87, 28.46, 24.25, 
32.57, 15.22, 23.00, 10.5, 12.00 and 20.35%, respectively. Frequency of occurrence of the 
fimgal species found associated with egg masses in each locality is given in Table 2. Fusarium 
solani, Verticillium sp., Penicillium sp., Aspergillus sp. and Alternaria sp. were commonly 
encountered in all the four localities surveyed. Highest frequency of occurrence was recorded 
for Fusarium sp. followed by Penicillium, sp. Alternaria sp. and Aspergillus sp. Curvularia 
lunata, Mucor sp., Trichoderma sp. and Cladosporium sp. were less frequent in comparison to 
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other species associated with egg masses. Eggs in the egg masses were found infected with 
Fusarium sp. and Verticillium sp. only (Table 2). 
District Agra 
Six localities of Agra district namely Runakta, Tundla, Fatehabad, Firozabad, 
Iradatnagar and Agra (city area) were surveyed. Out of 423 samples of vegetable crops 
collected from different localities, 232 were found to be infected with root-knot nematodes. 
Total frequency of the disease was thus 51.45%. Meloidogyne incognita, M. javanica and M 
arenaria were the species present in the samples. M javanica was more frequent in the 
samples than the other two species. M arenaria was least frequent and was present only in the 
samples collected from Tundla and Fatehabad localities. Average gall index and egg mass index 
ranged between 1-5 and 0-4, respectively (Table 3). 
Fifteen fimgal species, Altemaria sp., Chaetomium magnum, Curvularia lunata, 
Curvularia sp., Fusarium oxysporum, Trichoderma lignorum, Mucor sp., Aspergillus flavus, 
Aspergillus niger, Aspergillus ochraceous, Aspergillus sp., Penicillium javanicum, 
Penicillium sp., Helminthosporium nodulosum and Trichoderma album were found 
associated with egg masses of the root-knot nematodes. The total frequency of occurrence (%) 
of the different fimgi in the localities where they occurred was 36.30 for Altemaria sp., 12.80 
for Chaetomium magnum, 25.23 for Curvularia lunata, 26.56 for Curvularia spp., 36.58 for 
Fusarium oxysporum, 21.00 for Trichoderma lignorum, 22.50 for Mucor sp., 20.45 for 
Aspergillus flavus, 24.61 fox Aspergillus niger, 15.53 fox Aspergillus ochraceous, 51.78 for 
Aspergillus sp., 20.30 for Penicillium javanicum, 29.85 for Penicillium sp, 11.45 for 
Helminthosporium nodulosum and 11.60 for Trichoderma album. All these ftmgi except F. 
oxysporum found associated with egg masses were apparently restricted to the surface of egg 
masses and were not found infecting eggs inside the egg masses. In the samples collected from 
Iradatnagar and Ferozabad localities Fusarium oxysporum was, however, found infecting the 
nematode eggs (Table 4). 
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District Etah 
Incidence and intensity of root-knot disease in the district was determined by selecting 
six localities. Out of the 314 samples of different vegetable crops collected from the six 
localities (Kasganj, Ganjdundwara, Kadiraganj, Jalesar, Rudain and Etah), 144 samples were 
found to be infected with root-knot nematodes. M icognita and M. javanica were commonly 
encountered species in all the localities surveyed. M javanica was apparently more frequent 
than M incognita. However, in samples collected from Rudain, M arenaria was also found 
along with M javanica in mixed population on the same root system. The total frequency of 
occurrence of the disease was 46.9%. Gall (GI) and egg mass (EMI) indices ranged between 1-
5 and 0-4, respectively (Table 5). 
Thirteen fiingal spepcies were isolated from egg masses of the root-knot nematodes 
present in the infected root samples (Table 6). Out of the 14 species, Aspergillus sp., 
Trichoderma sp., Alternaria sp., Fusarium sp., Penicillium sp. and Mucor sp. were commonly 
encountered in all the localities surveyed. Their total frequency of occurrence (%) of these 
species was 37.88, 24.55 34.26, 28.08, and 22.45, respectively. Aspergillus ochraceous, 
Aspergillus niger, Rhizoctonia solani, Stysanus stemonites, Rhizopus sp., Mortierella sp. and 
VerticiIlium sp. were also found associated with egg masses in some localities. In general, their 
frequency of occurrence was low. No fimgus was found infecting eggs of the root-knot 
nematodes present in the sample (Table 6). 
Disctrict Bulandshahr 
In all 415 root samples of vegetable crops were collected from the seven localities 
(Sikandarabad, Dankaur, Shikarpur, Khurja, Gulavti, Siyana and Bulandshahr) of the district. 
Of all the samples, 152 were found to be infected with root-knot nematodes. Total frequency 
of the root-knot disease in all the localities was 35.6%. Gall and egg mass indices ranged 
between 1-5 and 0-5, respectively. At Siyana, M. incognita and M arenaria were ecountered 
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61 
in mixed populations while in rest of the localities M incognita and M Javanica were present. 
M. incognita was dominant species in the district (Table 7). 
Eleven fungal species were isolated from the egg masses and frequency of occurrence 
(%) is given in the parenthesis against each fungus as follows. Fusarium sp. (35.88), Fusarium 
oxysporum (17.05), Verticillium chlamydosporium (15.0), Trichoderma sp. (21.08), 
Cunninghamella verticulata (9.56), Penicillium sp. (16.34), Aspergillus sp. (33.21) 
Aspergillus niger (13.16), Cladosporium herbarum (19.00), Circinella simplex (3.60) and 
Paecilomyces lilacinus. (17.00). Eggs were found infected with Paecilomyces lilacinus, 
Fusarium sp. and Verticillium chlamydosporium in some localities (Table 8). 
District Ghaziabad 
The incidence and intensity of root-knot disease was relatively high in Ghaziabad 
district. Out of the 550 samples collected from six localities (Muradnagar, Modinagar, Hapur, 
Pilkua, Surajpur and Ghaziabad), 330 samples were found to be infected withM incognita and 
M. javanica. Both the species were encountered in mixed populations. Overall frequency of 
the disease in all the localities was 60.60%. Grail index ranged between 1-5 and egg masses 
index between 2-5 (Table 9). 
Eleven fungal species were found associated with the egg masses of the root-knot 
nematodes . Frequency of their occurrence (%) of the fungal species is given in the parenthesis 
against each as follows: Helminthosporium sp. (19.14), Fusarium solani (5.12), Fusarium 
oxysporum (14.90), Fusarium sp. (30.50), Rhizoctonia bataticola (32.75), Aspergillus sp. 
(40.06), Verticillium sp. (17.66), Chaetomella sp. (10.80), Penicillium sp. (33.10), 
Trichoderma sp. (15.08) and Gliocladium sp. (25.45). Highest frequency of occurrence was 
recorded for Aspergillus sp. followed by Penicillium sp., Rhizoctonia bataticola and Fusarium 
sp. (Table 10). Rhizoctonia bataticola isolated from the samples collected from around 
Ghaziabad was found infecting egg masses as well as eggs of root-knot nematodes. 
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Effect of culture filtrates of some soil fungi on juvenile hatching and mortality 
Effect of culture filtrates of two isolates of Paecilomyces lilacinus (foreign and local) 
and Rhizoctonia bataticola on juvenile hatching and mortality ofM incognita was studied by 
application in water using different concentrations. Culture filtrates of P. lilacinus (both 
isolates) and R bataticola effectively killed the juveniles of M incognita and inhibited their 
juvenile hatching. The effects were, however, variable depending upon the fungus involved. 
Time duration of exposure and concentration had direct bearing in killing the juveniles and 
inhibiting their hatch (Tables 11 and 12). 
The 'S' concentration of all the fimgi was most effective in inhibiting the juvenile 
hatching . The culture filtrates of both isolates P. lilacinus were more effective than R. 
bataticola in suppressing the juvenile hatching. Both the isolates of P. lilacinus were, 
however, almost equally effective in this respect ( Fig.l). 
The highest mortality ofM /«co^/to juveniles occurred at all time intervals (24, 48 
and 72 h) in highest concentration of the culture filtrates designated as "S". Decrease in the 
concentration of the culture filtrate (S) showed correspondingly less effect on the juvenile 
mortality. Appreciable mortality of the juveniles was found upto the concentrations S/100. 
Further dilution of the culture filtrate caused little effect. Among the fungi, foreign isolate of 
P. lilacinus was most effective followed by its local isolate. Rhizoctonia bataticola was least 
effective ( Fig. 2 ). 
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Penetration of some opportunistic soil fungi into egg masses and frequency of egg 
infection of Meloidogyne incognita in vitro. 
Paecilomyces lilacinus (both isolates) and Rhizoctonia bataticola colonized the egg 
masses of M incognita in artificial inoculations. These fiangi also infected the eggs. The 
efficiency of the fungi used in the study, however, dififered. Percentage of egg masses 
colonized was highest for P. lilacinus (local isolate) followed by P. lilacinus (foreign isolate) 
and Rhizoctonia bataticola. Highest percentage of egg infection was caused by the local 
isolate of P. lilacinus followed by the foreign isolate of P. lilacinus and Rhizoctonia 
bataticola (Tables 13 and 14). 
The fungi used in the experiment were , therefore, capable of invading egg masses and 
infecting the eggs of the root-knot nematode. Microscopic observations showed that mature 
eggs or eggs under embryonic development were apparently more vulnarable to fungal 
penetration than eggs containing second stage juveniles. The fungal hyphae penetrated the egg 
shell and by subsequent growth eventually occupied the whole of the egg. This pattern of egg 
invasion was very distinct in case of both the fungi tested (Plates I and II). 
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PLATE I. 
1. Some eggs of Meloidogyne incognita infected with Paecilomyces lilacinus 
2. An egg ofM incognita showing mycelial growth of P. lilacinus 
3. An egg (1 OOOx) filled with P. lilacinus mycelium 
4. Spores of P. lilacinus infecting a juvenile ofM incognita inside the egg 
5. Mycelium of P. lilacinus growing within an egg and development of 
adeformed juvenile 
6. A ruptered egg with mycelium in the egg and juvenile colonized by the mycelium 
of P. lilacinus 
7. An emerged infected juvenile showing disorted body shape 
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PLATE II. 
1. Eggs ofMeloidogyne incognita infected with Rhizoctonia bataticola 
2 Mycelial growth of i?. bataticola within an egg of M incognita 
3. Magnified view (lOOOx) of an egg with contents shrivelled due to R. bataticola 
infection. 
4-5. Mycelium of R. bataticola growing within an egg and development of a 
deformed juvenile 
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Effect of Paecilomyces lilacinus/ Rhizoctonia bataticola on plant growth and 
development of root-knot nematode, Meloidogyne incognita on tomato 
Efficacy of soil application of P. lilacinus (local isolate)/i?. bataticola in suppressing 
root-knot nematode, M incognita on tomato and consequent impact on plant growth were 
assessed in a pot experiment under glasshouse conditions. The data related to various 
parameters determined in the experiment are presented in the Tables 15 & 16. 
Plant growth 
Plant growth of tomato was significantly suppressed by the root-knot nematode, M 
incognita. Root and shoot lengths, fresh and dry weights were reduced by inoculation of the 
seedlings with M incognita. Plants inoculated with M incognita and P. lilacinus/ R. 
bataticola simultaneously showed better growth than plants inoculated with the nematode 
alone. All the considered plant growth parameters (lengths, fi"esh and dry weights of root and 
shoot) were enhanced in the nematode inoculated plants to which P. lilacinus/ R. bataticola 
was also applied simultaneously. The differences in plant growth in relation to fresh and dry 
weights of shoots and roots and lengths were statistically significant (P = 0.01). Application of 
P. lilacinus/K bataticola alone in soil did not cause any effect on plant growth of tomato and 
growth performance of the plants was almost similar to control plants (uninoculated) (Tables 
15 & 16; Figs. 3 & 4; Plate III - 1). 
Development of root-knot nematode 
Root galling and egg mass production of the nematode in various treatments were 
rated on 0-5 scale and gall index (GI) and egg mass index (EMI) were determined. Root 
galling and egg mass production was highest on the roots of the plants inoculated with M 
incognita alone. It was rated on an average 5. Root galling and egg mass production were 
suppressed by the application of P. lilacinus/ R. bataticola. In treatments where both P. 
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lilacinus/ R. bataticola and M incognita were present GI was 2,5/ 3 and EMI was 2/ 2.5, 
respectively (Tables 15 & 16). 
Infection of eggs 
P. lilacinus/ R. bataticola also reduced fecundity (number of eggs/ egg mass) of the 
nematode. The number of eggs/ egg mass was significantly less (P - 0.01) on roots of the 
plants receiving both M incognita and P. lilacinus/ R. bataticola compared to plants 
inoculated with the nematode alone. A high percentage of the eggs obtained fi-om roots of 
plants which received P. lilacinus/R. bataticola andM incognita ((74%, 68.5%) were found 
to be infected with the fimgus (Tables 15 & 16). 
Nematode population and Reproduction factor 
The nematode, M incognita multipUed efficiently on tomato when it was present 
alone. In combination with P. lilacinus/ R. bataticola its multipUcation was suppressed. 
Consequently, its population and reproduction factor decUned. Both the soil and root 
populations were affected. The numbers of juveniles, females and males was significantly low 
in the treatment where the plants were inoculated with both M incognita and P. lilacinus/ R. 
bataticola. Therefore, Rf value in this treatment was also significantly low as compared to the 
plants inoculated withM incognita alone (Tables 15 & 16). 
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Combined effect of Paecilomyces lilacinus and Rhizoctonia hataticola on plant 
growth and development of root-knot nematode, Meloidogyne incognita on tomato 
This experiment was carried out to determine the combined effect of soil application of 
P. lilacinus (local isolate) and K bataticola both found infecting eggs of M. incognita in 
vegetable fields (Table 17). 
Plant growth 
Lengths, fresh and dry weights of the plants were reduced by the nematode, M. 
incognita. AppHcation of P. lilacinus or R. bataticola suppressed the adverse effects of the 
nematode on plant growth parameters. Application of both the fiingi separately did not cause 
any adverse effect on the plant growth of tomato. When plants were inoculated with M 
incognita, P. lilacinus and R. bataticola simultaneously, plant growth greatly improved in 
comparison to the plants inoculated with the nematode alone. The performance of these plants 
in relation to various growth parameters determined was similar to control (uninoculated) 
plants. The growth performance was also significant better than those inoculated and M 
incognita With P. lilacinus or R bataticola (Fig. 5, Table 17). 
Gall index and Egg mass development 
Gall index (GI) and egg mass index (EMI) on roots of plants inoculated with M 
incognita and different treatments as given in the Table 17 show that root galling and egg mass 
development on roots of plants inoculated with M incognita alone was highest; Gland EMI 
being 5 and 4.9, respectively. In combined inoculation of plants with P. lilacinus, R. bataticola 
and M incognita, GI and EMI were lowest, being 2.2 and 2, respectively. In other two 
treatments, where M incognita was present with P. lilacinus or R. bataticola, GV EMI were 
2.5/3 and 2/2.5, respectively. 
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Infection of eggs 
The two fungi together also reduced the number of eggs per egg mass and fecundity 
was lowest in this treatment. P. lilacinus and R. bataticola also reduced the fecundity of the 
nematode when applied separately, but their combined effect was significantly greater 
(P=0.01). A large number of eggs were found to be infected with P. lilacinus and R. bataticola 
individually or jointly. Percentage of infected eggs was found to be highest in combined 
inoculation of both the fungi (Table 17). 
Nematode population and Rf value 
The population of M incognita recovered from the soil and the root significantly 
decreased when inoculation of either of the fungi was done along with the nematode. In 
combined inoculation of the two fiingi, the nematode population was lowest. Reproduction 
factor of the nematode was also reduced by the fiingi. It was lowest when both the fungi were 
applied (Table 17). 
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Effect of sequential inoculations of Paecilomyces Ulacinus/ Rhizoctonia bataticola 
and Meloidogyne incognita on plant growth and root-knot development on tomato 
This experiment was conducted to determine the effect of sequential application of P. 
Ulacinus/ R. bataticola and M incognita on plant growth and development of root-knot 
nematode in a pot experiment under glass house conditions. 
Plant growth 
Adverse effect of root-knot nematode on various plant growth parameters of tomato 
were reduced by P. Ulacinus/ R. bataticola. (except dry weight of the shoots for P. Ulacinus). 
In general, prior inoculation of P. Ulacinus or R. bataticola was found to be better than 
simultaneous inoculations or inoculation of the fungi after the nematode in diminishing the 
adverse effects of the nematode on plant growth parameters. The values of lengths, fi'esh and 
dry weights of plants were significantly greater in prior applications, in comparison to other 
comparable treatments. In sequential inoculation, when the time interval of inoculation varied, 
plant growth was better when P. Ulacinus/R. bataticola was added 2 weeks before inoculation 
of the plants with M incognita than fiingal inoculation made one week before. The differences 
in the parameters of plant growth (length, fresh and dry weights of root and shoot) obtained 
with inoculation of the nematode three weeks after the fungal inoculation were not significantly 
different (Figs. 6 & 7; Table 18 & 19). 
Root galling and Egg mass development 
Gall index and egg mass index on roots of plants inoculated with M incognita in 
different treatments are given in the Tables 18 & 19. Root galling and egg mass development 
were decreased by the application of P. Ulacinus /R. bataticola In simultaneous inoculation of 
M incognita + P. Ulacinus / R. bataticola, GI was 3/3 and EMI were 2/26 in contrast to 5 in 
plants inoculated with M incognita alone. When P. Ulacinus/ R. bataticola preceded M 
incognita GI and EMI were lower than simultaneous or prior inoculation by M. incognita. 
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Time interval of application of the fungi also effected GI and EMI. GI and EMI were lowest in 
2 and 3 wedc prior inoculation by the either fungus (Table 18 & 19). 
Infection of eggs 
The number of eggs per egg mass recovered was lower in treatments where P. 
lilacinus/ R. bataticola was inoculated prior to M. incognita, than ^multaneous or prior 
inoculations with the nematode. Like root galling and egg mass development, 2-3 week prior 
inoculation with either of the fungi was more effective in reducing the egg numbers than other 
treatments. P. lilacinus/ R. bataticola infected a high percentage of eggs in all the treatments 
where these fijngi were applied. Prior application of the either fiingi caused greater infection of 
eggs than simultaneous or prior inoculation with the nematode. Among the time intervals 2-3 
week prior application was better in relation to egg infection than other comparable treatments 
in the experiments (Table 18 & 19). 
Nematode population and Rf value 
Soil and root populations of M incognita significantly decreased in all the treatments 
by the application of fungi. Lowest total (soil + root) population was found in prior inoculation 
of the fiingi P. lilacinus/ R. bataticola. Simultaneous inoculation or when nematode 
inoculation preceded fungal inoculation, the total population was also reduced but the values 
were greater than prior inoculation of the fungus. A decrease in reproduction factor occurred 
in all the treatments where fiingi were applied. Lowest Rf value was observed in prior 
inoculations of the either fungi followed by the simultaneous inoculation or inoculations where 
nematode was inoculated prior to the fungi (Tables 18 & 19). 
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Effect of culture filtrates oi Paecilomyces lilacinus/ Rhizoctonia bataticola on plant 
growth and root-knot nematode development on tomato 
Root-dip application of culture filtrate of P. lilacinus/ R. bataticola was evaluated in 
this experiment to ascertain its effect on plant growth and development of root-knot nematode, 
M incognita. Duration of the root-dip was varied by using 10,20, 30 minutes for root dipping. 
Plant growth 
Inoculation of tomato seedlings with juveniles ofM incognita reduced plant growth. 
Lengths, fi^esh aiui dry weights of root and shoot were suppressed, compared to uninoculated 
(control) plants. When the roots of the seedlings were dipped in the culture filtrates for 10,20 
or 30 min. before planting there was no adverse effect on the plant growth as the growth of 
the plants were similar to uninoculated (control) plants. In case of plants where the roots were 
dipped in the culture filtrate and inoculated with M incognita juveniles, the fresh and dry 
weights of the plants were greater than plants inoculated with the nematode. The dipping of 
the roots for 30 min. was better than 10 or 20 min. dipping. Significant reduction was also 
observed in the lengths of shoot and root of the plants dipped in culture filtrate and inoculated 
with the nematode, dipping for 30 min. being better than 10 or 20 min (Figs. 8 & 9; Tables 20 
&21). 
Root galling and Egg mass development 
Root-dipping of the seedlings in culture filtrates also influenced root galling and egg 
mass development. GI and EMI was rated as 3 and 2 respectively in 30 min. dipped plants, 
compared to 5 each in plants inoculated with M incognita alone. GI and EMI in 10 and 20 
min. dipping was also reduced. Dipping for 30 min. was however, best (Tables 20 & 21). 
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Nematode population and Rf value 
Fecundity of the nematode was also adversely affected by the root-dipping. 
Root and soil populations of the nematode were suppressed, compared wdth plants 
inoculated with M incognita only. Consequently, reproduction factor also declined and it was 
0.37 in 30 sec. dipping in contrast to 2.05 in control (M incognita alone). Like other 
parameters root-dip for 30 min was most effective for the nematode development (Tables 20 & 
21). 
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Spore count of Paecilomyces lilacinus on various organic substrates agricultural wastes 
and other organic materials) 
This study was conducted to detect a suitable organic substrate (agricultural waste and 
other organic materials which can be effectively used for culturing of P. lilacinus for soil 
application to manage root-knot nematodes. Spore load was used as criterian for determing the 
efficiency of the substrate for the purpose. 
Five organic substractes (agricultural wastes and other organic materials) namely rice 
husk, mungbean husk, gram husk, sawdust and wood charcoal were used as substrate for 
culturing of P. lilacinus for soil application. All the organic substrates wastes inoculated with 
P. lilacinus/ supported growth of the fiingus. The fungus grew profusely on all the materials 
used in the experiment. Spore count was greatest on gram husk (9.05 x 10^), followed by 
mungbean husk (3.75 x 10^) and rice husk (9.35 x 10^). Lowest spore count was obtained 
when the fungus was inoculated in sawdust and wood charcoal. (Table 22). 
Effect of soil application of Paecilomyces lilacinus grown on various organic 
substrates on plant growth and root-knot nematode development on tomato 
After determining the suitability of the organic substrates agricultural wastes and other 
organic materials) for growth of P. lilacinus, the organic substrates (materials) were applied to 
soil in order to determing their comparative effects on plant growth and development of root-
knot nematode on tomato. 
Plant growth 
Application of the organic substrates grown with P. lilacinus improved growth of 
tomato plants infected with root-knot nematode, M incognita by suppressing root galling and 
the nematode development. Highest improvement in fresh weights of shoot and root of the 
nematode-infected plants occurred when the treatments were applied with the fiingus cultured 
97 
Table 22. Spore count of Paecilomyces lilacinus (local) on various organic 
substrates (agricultural wastes and other organic materials) 
Subtrate Spore count 
Rice husks 9.35 x 10^ 
Mungbean husks 3.75 x 10^ 
Gram husks 9.05 x 10^ 
Sawdust 1.09 xl06 
Wood charcoal 3.08 x 10^ 
Each figure is a mean of five replicates. 
98 
PLATE m . 
1. Effect of Paecilomyces lilacinus and Meloidogyne incognita on plant growth 
2. Effect of soil application of Paecilomyces lilacinus grown on various organic 
substrates on plant growth. 
3. Effect of different doses oiPaecilomyces lilacinus added in soil on plant growth 
(Note: adjacent photographs of the roots are from the same experiments 
and in the same sequence) 

99 
on gram husk. The treatment of the soil with P. lilacinus grown on mungbean husk and rice 
husk followed it. 
Application of sawdust and charcoal cultured with P. lilacinus also improved fresh 
weights of the roots and shoots but gram, mung/ bean and rice husks were significanly better 
than sawdust or charcoal. 
Highest improvement in dry weights of shoot and root was observed in the nematode 
infected plants treated with the fixngus cultured on gram husk. The trend in the dry weight in 
the treatments was similar to those observed in fresh weights of roots and shoot. Similar trend 
was also observed in the plant lengths of various treatments (Fig. 10; Table 23 & Plate III-2). 
Root galling and Egg mass development 
Root galling and egg mass production by the nematode was suppressed by application 
of P. lilacinus grown on various agricultural wastes. In treatments inoculated with fungus 
cultured on gram husk or mungbean husk and M incognita the GI was 2.8 and EMI was 2.5 
in contrast to 5 and 4.5 on plants inoculated with M incognita alone. It was followed by rice 
husk, GI was 3 and EMI 2.9. In the treatment with the ftmgus cultured on sawdust or wood 
charcoal, the GI was 3.5 and EMI was 3 (Table 23). 
Infection of eggs 
Fecundity (number of eggs /egg mass) was lowest in treatment with gram husk 
inoculated with the fungus. It was followed by fungus cultured on mungbean husk, rice husk, 
sawdust and wood charcoal, in this order (Table 23 ). 
For determining infection of eggs, the egg masses were stained with cotton blue and 
examined under the microscope. The eggs were found to be infected with P. lilacinus in all the 
treatments where P. lilacinus was applied. Highest percentage of infected eggs (77.2%) was 
observed in the treatment where the fungus cultured on gram husk. It was followed by 
mungbean, rice husk sawdust and wood charcoal (Table 23). 
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Nematode population and Rf value 
A significant decrease in the nematode population recovered fi-om soil and root was 
observed in all the treatments when compared with the treatment receiving M incognita only. 
Highest reduction in the nematode population however, occurred in the treatment where the 
fungus cultured on gram husk was added to the soil. Rice husk mungbean husk, sawdust and 
wood charcoal colonized with fungus followed it in this order. A decrease in the reproduction 
factor in all the treatments was noticed, lowest being in treatment with gram husk colonized 
vdth the fungus. Rice husk, mungbean husk, sawdust and wood charcoal followed it (Table 
23). 
Effect of application of Paecilomyces lilacinus grown on gram husk and gram husk 
alone on plant growth and development of root-knot nematode on tomato 
Since gram husk is an organic material, it may influence the root knot development and 
consequently plant, the effects of application of gram husk alone and gram husk grown with P. 
lilacinus were compared in this experiment. 
Plant growth 
Plant growth of tomato (lengths, fi^esh and dry weights of root and shoot) in three 
treatments:*control, gram husk (uninoculated) with the fungus and P. lilacinus, was more or 
less equal. The differences obtained were statistically not significant (P= 0.01). When the 
nematode infected plants were treated with gram husk (uninoculated) and gram husk 
(inoculated with P. lilacinus), the adverse effect of M incognita on plant growth was reduced. 
The values of all the considered plant growth parameters ie. lengths, fi-esh and dry weights of 
roots and shoots, were greater when gram husk inoculated with the fiingus was added. 
Uninoculated gram husk also improved plant length and fresh weight significantly but the 
differences obtained in dry weight was not significant (Fig. 11; Table 24). 
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Root galling and Egg mass development 
Root galling and egg mass development determined as GI and EMI were also 
suppressed by application of gram husk irrespective of inoculation with P. lilacinus Gram husk 
inoculated vdth P. lilacinus was, however, highly effective in suppression of root galling and 
egg mass production. GI and EMI were 5 and 4.8, respectively in plants inoculated with the 
nematode alone. In contrast, GI and EMI on plants treated with gram husk inoculated with 
P.lilacirms was 2.5 and 2, respectively (Table 24). 
Infection of eggs 
P. lilacinus cultured gram husk application or gram husk reduced the fecundity of the 
nematode significantly. A large number of eggs were found infected with P. lilacinus. A high 
percentage of eggs (75.5%) were found to be infected with P. lilacinus, when the nematode-
infected plants were inoculated with gram husk cultured with P. lilacinus (Table 24). 
Nematode population and Rf value 
The nematode population recovered fi"om the soil and the roots significantly decreased 
in all the treatments when compared with the treatment where M incognita alone was 
inoculated. The nematode population (root+soil) sharply declined and was lowest when the 
nematode-infected plants were treated with gram husk cultured with the fiingus compared to 
the plants inoculated with the nematode alone. Lowest Rf value was observed when plants 
were inoculated + P. lilacinus gram husk + M incognita followed by gram husk + M 
incognita (Table 24). 
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Effect of different doses of Paecilomyces lilacinus added in soil on plant growth 
and root-knot development on tomato 
In order to determine optimum dose for soil application, eflfect of different doses of P. 
lilacinus on gram husk on plant growth and development of root-knot nematode was 
determined under artificial treatments. 
Plant growth 
When the plants were inoculated with gram husk colonized with fiangus P. lilacinus 
(local isolate), fi"esh weight of both root and shoot of the plants inoculated with M incognita 
was greater than the plants inoculated with M incognita alone. Fresh weight of the root and 
shoot was highest when the 4, 6 and 8 g gram husk cultured with P. lilacinus was added. The 
differences between the three doses was not significant (P=0.01). Similarly, dry weight of the 
plants which was significantly suppressed by the nematode, showed an increase when P. 
lilacinus on gram husk was applied in soil. All the four doses (2,4,6,8g/plants) were effective. 
Like fresh weight of roots and shoots, dry weight of the roots and shoot was greatest when 4, 
6 or 8 g gram husk grown P. lilacinus was added. All the three doses were significantly better 
than 2 g. The differences between the doses (4,6 and 8 g) were not significant (P=0.01). 
Similar trend was noticed in the effects on plant length (root and shoot lenghts) of the various 
treatments. The three higher doses were equally eflFective in increasing the plant length (Fig. 
12, Table 24 and Plate III-3). 
Root galling and Egg mass development 
The values for gall index (GI) and egg mass index (EMI) on roots of plants inoculated 
with M incognita was reduced by application of P. lilacinus grown on gram husk.. In the 
treatment where the plants were inoculated with 2g P. lilacinus and M incognita the GI was 
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Infection of eggs 
Fecundity of the nematode was also suppressed by the application of P. lilacinus in 
different doses. Lowest number of eggs/egg mass were found with 8 g P. lilacinus followed by 
6, 4 and 2 g. Eggs were found infected with P. lilacinus wherever it was applied. Highest 
percentage of infected eggs (79.5%) was found in (8 g P. lilacinus) followed by 6 g (78.7%) 
and 4g (79%). Rut the difiFerences in the treatments of various doses in relation to % egg 
infection were not significant. 
Nematode population and Rf value 
A significant reduction in nematode population recovered fi"om the soil and the roots 
occurred with the application of P. lilacinus, in various doses. The population of the nematode 
was lowest in 8 g P. lilacinus followed by 6 g , 4 g and 2 g. The reproduction factor in all the 
treatments was lower when compared withM incognita alone (Table 25). 
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Influence of temperature on the growth of Paecilomyces lilacinus isolates 
Effect of varying temperatures on the growth of four different isolates of P. lilacinus 
was investigated in order to determine a suitable temperature for the growth of P. lilacinus 
isolates. Mean fungal dry weight was greatest at 24 to 28 °C. Although there were striking 
differences in fungal dry weight among the isolates. Maximum yield in dry weight for all 
isolates occurred between 24-28°C. Least growth of all isolates was observed at 16 and 36 °C. 
Isolates P13 and P14 grew well at 20 °C as well as 34 °C (Fig. 13, Table 26). 
Comparative biocontrol efficacy of different isolates of Paecilomyces lilacinus on 
the development of root-knot nematode, Meloidogyne incognita and plant growth 
tomato 
Biocontrol efficacy of four different isolates of P. lilacinus designated as PU, P12, P13 
and P14 obtained fi"om Peru (foreign), Bulandshahr (local), Jhansi and Hyderabad respectively 
and their mixtures designated P15 was compared in artificial inoculations. The plant growth and 
root-knot development parameters determined in other experiments were used as criteria. 
Plant growth 
All the four isolates of P. lilacinus and their mixture were effective in suppressing the 
root-knot nematode and improving the plant growth. The efficacy of the isolates, however, 
varied both for plant growth and root-knot development. All the isolates of Paecilomyces 
lilacinus or their mixture did not cause any adverse effect on the plant growth, as plant growth 
was more or less equal to that of control plants. 
All the plant growth parameters (lengths, fresh and dry weights of roots and shoots) 
determined in the experiment showed improvement by application of the isolates of P. lilacinus 
or their mixture. Fresh and dry weights of roots and shoots which were significantly reduced 
by M incognita showed enhancement on inoculation of plants with different isolates of P. 
lilacinus or their mixture. The isolates of P. lilacinus or their mixture had no adverse effect on 
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the dry and fresh wieghts of roots and shoots. The length of shoots and roots in various 
treatments also showed a similar trend. The isolates, however, showed variations in their 
effects on plant growht parameters. Three isolates of P. litacinus (local, foreign and mixture) 
were equally effective. The isolates PI Hyderabad and PI Jhansi were less effective (Fig. 14, 
Table 27). 
Root galling and Egg mass development 
Gall index (GI) and egg mass index (EMI) on roots of plants inoculated with M 
incognita in different treatments are given on Q-5 scale of Taylor and Sasser. Root galling and 
egg mass development on roots of plants inoculated with M incognita was rated on an 
average 5. But in treatments which received either isolate of P. lilacinus + M. incognita. GI 
and EMI values were less than 5 (Table 27). 
Infection of eggs 
The fecundity of the nematodes were also affected by appUcation of the isolates of P. 
lilacinus. Numbers of eggs/ egg mass decreased. All the isolates off. lilacinus were equally 
effective. 
Eggs of M incognita were found to be infected with P. lilacinus. Highest percentage 
of infected eggs (76.3%) was observed in treatment with mixture of all (PI 5 + M incognita) 
the isolates. Among the single isolates, Pll was best. 
Nematode population and Rf value 
The nematode population recovered from the soil and the roots significantly decreased 
in all the treatments where the isolates of P. lilacinus or their mixture was applied. Mixture of 
the isolates was most effective in suppressing the nematode population followed by Pll (Table 
27). 
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Effect of temperature and moisture on spore attachment of Pasteuria penetrans to 
the second stage juveniles of Meloidogyne incognita 
The data presented in Table 28 indicates that the attachment of the spores of P. 
penetrans to the nematode body occurred at all the three temperatures tested with minimum 
number of spores/12 being observed at 10 °C. The number of spores attached per J2 increased 
significantly with the increase in temperature fi^om 15°C to 26 °C. Further increase in 
temperature to 36°C resulted in a decrease in spore attachment. In relation to exposure period 
on spore attachment, it was observed that the spore attachment increased with the increase in 
exposure period from 24 to 72 hours at all the three temperatures. 
The result presented in Table 29 showes that spore attachment occurred at all moisture 
levels, maximum and minimum being at 50 and 25 percent moisture levels. Further, the 
moisture content either towards lower side i.e 25 percent or higher side i.e. 75 per cent 
inhibited spore attachment. 
The number of juveniles encumbered with bacterial spores was also observed to be the 
highest in 50% moisture treatment but differed significantly from the 25% mositure treatment. 
The latter has the minimum spores on nematodes (Table 29). 
Individual and combined effect of Paecilomyces lilacinus and Pasteuria penetrans 
on plant growth and development of root-knot nematode, Meloidogyne incognita 
on tomato 
Plant growth 
Plant growth of tomato (lengths, fresh and dry weights of roots and shoots) showed an 
improvement by application of either of the two organisms {P. lilacinus and P. penetrans) or 
their combination. Application of P. lilacinus or P. penetrans or their combination did not 
cause any adverse effect on the plant growth parameters (lengths, fresh and dry weights of 
roots and shoots) as the values were not significantly different (P=0.01) from those of control 
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(uninoculated) plants. P. lilacinus or P. lilacinus + P. penetrans significantly (P = Q.Ql) 
improved plant growth of tomato inoculated withM incognita. The values for the considered 
parameters were equal to the control plants (P = 0.01) and much greather than those 
inoculated with M incognita alone. P. penetrans also improved plant growth parameters but 
the values obtained were comparatively lower than those of control plants or plants inoculated 
with P. lilacinus or P. lilacinus + P. penetrans (Fig. 15, Table 30). 
Root gall index and egg mass development 
Gall index (GI) and egg mass index (EMI) on roots of plants inoculated with M 
incognita and different treatments as given in Table 30 show that root galling and egg mass 
development on roots of plants inoculated with M incognita was highest and root galling and 
egg mass production on nematode infected roots inoculated with P. lilacinus or their 
combination were suppressed. In all the three treatments {P. lilacinus, P. penetrans, P. 
lilacinus + P. penetrans,) GI and EMI indices were more or less equal but significantly 
(P=0.01) diflferents than plants inoculated withM incognita alone (Table 30). 
Infection of eggs 
Numbers of eggs in egg masses also declined due to application of the two organisms 
individually or in combination compared to the number of egg/ egg mass in plants inoculated 
with the nematode alone. The combination of the two organisms was most effective in this 
respect, followed by individual treatment with P. lilacinus and P. penetrans. A high percentage 
of eggs (73.2%) were infected with P. lilacinus in the treatment with P. lilacinus + P. 
penetrans. In the treatment with P. lilacinus alone percentage of infected eggs was 72.0% 
(Table 30). 
Nematode population and Rf value 
The population of M incognita recovered fi-om the soil and the root significantly 
decreased in all the treatments when compared with the plants inoculated with the nematode 
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alone. The population density was lowest in the treatment of nematode infected plants applied 
with P. lilacinus or P. penetrans or both. Lowest Rf value was observed in P. lilacinus + P. 
penetrans + M. incognita followed by P. lilacinus + M. incognita and P. penetrans + M. 
incognita (Table 30). 
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DISCUSSION 
Successful and economical management of root-knot nematodes in view of their world-
wide distribution and extensive host range particularly of the four major species, has been 
always a necessity of vegetable growers across the world. Nematicides which were effective 
and in use for their management for long have been established to cause pollution. 
Environmental risks and human health hazards have impelled the nematologists all over the 
world for consideration of a shift in measures to be adopted for their management. Biocontrol 
of root-knot nematodes, as for other pathogens, parasites and pests, is currently in focus and is 
thrust area which is receiving attention in different parts of the world. Development of 
biopesticides which can be effectively used like chemical pesticides for field application is the 
ultimate goal. Since living organisms would comprise the biopesticides, adequate study of thfeir 
biology, information on their adaptibility under various agro-climatic conditions, and effective 
mode of their applications are essentially required. Keeping these aspects in view, the present 
study has focussed attention to discover effective indigenous biocontrol agent(s), which can be 
developed as biopesticide(s). 
The four major species of root-knot nematodes, Meloidogyne incognita, M. javanica, 
M. arenaria and M hcq)la attack diverse kinds of crops including vegetables worldwide 
(Sasser, 1980). Their potential as parasites of vegetable crops in tropical, sub-tropical and 
temperate climates has been recognised (Sasser, 1979; Franklin, 1979; Lamberti, 1979). Root-
knot nematodes, as in other parts of the world ,are important parasites in India as well (Khan, 
1990). During the present investigations, survey of vegetable fields in five districts located in 
the western part of the state of Uttar Pradesh in India showed a relatively high incidence and 
intensity of the root-knot disease. The incidence of the disease in the vegetable fields grown 
with different vegetables, known to be hosts of root-knot nematodes, indicated that root-knot 
nematodes are fairly widely distributed as more than 50% fields were infested with them. Out 
of the four major species, three species namely Meloidogyne incognita, M. javanica, M. 
arenaria were found infesting the vegetable fields in the area. M incognita and M javanica 
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are apparently more frequent than M arenaria. The species were found singly or in mixed 
populations. M incognita, most important species of root-knot nematodes on world-wide 
basis, constitutes a large portion of root-knot populations in tropics. M javanica ranks second 
in terms of frequency and relative importance followed by M arenaria (Sasser, 1979, 1980). 
Studies of Khan (1990) and Khan and Khan (1990a, 1991a, 1992) have shown earlier that all 
the four major species of root-knot nematodes are present in the vegetable fields of Uttar 
Pradesh and are responsible for substantial damage to vegetable crops grown in the state. 
Planting of vegetable crops in the fields infested with these species would affect the plant 
growth and substantial yield losses may occur. Further, this study also indicates that farmers 
must be experiencing appreciable losses in yields of vegetable crops grown in the infested 
fields. 
Consistent a mycoflora was found associated with egg masses of root-knot nematodes 
obtained from the infected root samples. Out of a large number of fiangi isolated, Fusarium 
oxysporum, Verticillium chlamydosporium, Paecilomyces lilacinus and Rhizoctonia bataticola 
were found infecting eggs of root-knot nematodes. It has been emphatically advocated that 
among the fimgi, the cyst and egg pathogens which spread rapidly are ubiquitous and present 
in abundance in the rhizosphere. They are proximal to the reproductive structures of plant 
nematodes and are well adapted to the environment, being successfiil competitors and are able 
to survive host free-periods (Khan, 1990). 
The presence of some fiingi in the soil which are capable of infecting eggs of root-knot 
nematodes as obtained in artificial inoculation of egg masses indicates that these fiangi may be 
naturally involved in biocontrol of root-knot nematodes. These fiingi are potential biocontrol 
candidates which can be intensively tested for their biocontrol efficiency and exploited for 
developing biopesticides. Apparently the eggs under embryonic development were more 
vulnerable to infection by these fungi than eggs with juveniles. The fiingal hyphae penetrates 
the egg shell and grows profiisely within the egg and occupies the egg interiors. Thus 
embryogenesis is completely inhibited. For P. lilacinus Morgan-Jones and Rodriguez-Kabana 
(1984) have described the pattern of events occurring during the penetration of the eggs. 
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These fiangi being saprophytic requiring organic material for their nutrition are better equipped 
to protect plant roots from infection by root-knot nematodes. By egg infection they supposedly 
suppress the inoculum density of these nematodes. The results of the study of field samples 
where the eggs were found to be invaded and infected by some fungi demonstrates that their 
exists a degree of natural biocontrol by soil fungi. Their biology is such that they can with-
stand fungistatis in soil and are, therefore, natural resource for use in artificial biomanagement. 
Paecilomyces lilacinus ,which has emerged in recent years as most effective biocontrol agent 
of root-knot and cyst nematodes, and Rhizoctonia bataticola were found invading and 
infecting eggs/egg masses of Meloidogyne incognita and M javanica in few localities during 
the survey. These two fungi were selected for further studies. For comparative assessment P. 
lilacinus obtained from Peru was also included in these studies. 
Paecilomyces lilacinus degrades chitin and is strongly proteolytic (Endreeva et ah, 
1972) and the egg shell ofM incognita is made up of mostly protein and chitin (Bird and Mc 
Cure, 1976). Therefore, P. lilacinus is a more efficient egg parasite of root-knot nematodes as 
observed in this study, compared to R. bataticola. 
The culture filtrates of P. lilacinus (foreign and local isolates) and P bataticola were 
effective to a varring degree in killing the nematodes and inhibiting the juvenile hatch of M 
incognita. The time duration and concentrations were important determinants for each in this 
respect. Culture filtrates of some fungi such as Sclerotium rolfsii (Shukla and Swamp 1971) 
Helminthosporium nodulosum, Trichoderma lignorum, Curvularia tuberculata, Penicillium 
corylophilum and Aspergillus niger (Alam et ah, 1973) were found to be toxic for juveniles of 
root-knot nematodes and inhibited juvenile hatching of the nematodes. Metabolic products of 
several soil microorganisms accumulated in culture media have shown antibiotic activity 
against nematodes (Sayre, 1971). Species of Paecilomyces are known to produce a peptidal 
antibiotic (Isogoi et a/., 1980). The fijngus has a strong proteolytic and chitinolytic activity with 
the help of which metabolites seep into the eggs and cause physiological disorders. P. lilacinus 
produces antibiotic like leucostatin and lilacin (Aral et al., 1973). It is possible that the quality 
of the substrate (medium) influences the quality of filtrates and metabolites. These fungi may 
12 6 
also be naturally producing toxic substances in the presence of suitable substrates in the 
rhizosphere of the plants which may be suppressing the inoculum density of the root-knot 
nematodes in fields. 
i'^plication of P. lilacinus (local isolate) and R. bataticola appreciably controlled root-
knot nematode, M incognita on tomato as the nematode- infected plants showed improved 
plant growth and root galling, egg mass production and population density of the nematode 
were significantly suppressed. Application of P. lilacinus (local isolate) combined with K 
bataticola was also effective. Root galling and egg mass production were inhibited and the 
resuhing nematode population was substantially reduced. 
In sequential inoculation studies, prior inoculation( 1,2,3 week) of M incognita 
followed by P. lilacinus or R. bataticola was less effective than the prior inoculation of fiingi 
followed by M incognita. In the first sequence where M incognita preceeded the either fiangi, 
the juveniles of the nematode had penetrated the roots by the time the fijngus was applied. 
Since these fiingi do not penetrate the roots, the engressed juveniles caused damage to the 
plants. In contrast when the fiingal application was made before the nematode inoculations the 
juveniles faced the attack of the fixngal hyphae already present in the rhizosphere of the plants. 
Consequently the impact of the nematode on plant growth was much less and root galling, egg 
mass production and population were also low. P. lilacinus, in the recent> years has been used 
in a number of studies and reports are available in literature. The present study demonstrates 
that the indigenous isolate obtained fi-om natural habitat infecting the eggs of root-knot 
nematodes present on the roots of vegetable crops in the state of Uttar Pradesh is also an 
effective biocontrol agent. The isolate of Rhizoctonia bataticola naturally found infecting eggs 
of root-knot nematodes is also an efficient biocontrol agent of root-knot nematodes. 
According to Jatala (1986) P. lilacinus is an egg parasites and infects juveniles of the 
nematodes. In the present study both P. lilacinus and R. bataticola may have infected the J2 of 
the nematodes added around the roots before penetration or the viable eggs of the second 
generation during experiment period. It could be surmized fi^om the results that both these 
fiingi are effective biocontrol agents of root-knot nematodes . 
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Root dipping of seedlings of tomato in culture filtrates of both the fiingi improved plant 
growth and suppressed development of root-knot nematode, M incognita. This effect shows 
that toxic substances are absorbed by the roots and provide partial protection to the roots fi-om 
invasion of the nematode juveniles. The fungal metabolites absorbed by the roots may have 
been less suitable for penetration of the juveniles. Improved plant growth ,poor root galling 
and egg mass production and reduced final population of the nematode suggest for a 
favourable effect of fungal metabolites on plant tolerance capacity and adverse effect on 
nematode pathogenesis .Greater efficiency of P.lilacimis in comparison to R. bataticola may 
be due to the production of peptidal antibiotic in its culture filtrare (Isogoi et a/., 1980 ) or due 
to differences in the nature of metabolites produced by the two fungi in their culture filtrates 
(Shukla and Swarup,1971 and Alam et al., 1973 ).Very low final population in the soil clearly 
explains the role of P. lilacinus filtrate in making the host unsuitable for nematode 
reproduction particularly when the dip period was extended upto 30 min. 
Since P. lilacinus is a saprophytic fungus, it may require ensured supply of substrate 
base for growth, sporulation and establishment in soil. Therefore, for its dispensing in the field, 
suitable organic material on which it can grow efficiently would be required. It has been found 
in this study that the local isolate of P. lilacinus grows well on gram husk, mungbean husk, 
rice husk, sawdust and wood charcoal and sporulates abundantly. These materials, therefore, 
can be used for field dispensing. Performance comparison, of the materials showed that the 
husks of the grains or seeds, particularly gram, are better than other two materials used. In 
earlier studies sesame oil cake (Sharma and Trivedi, 1987), rice grains (Zaki and Bhatti, 1991) 
wood charcoal powder (Bansal et al, 1991) were found to be most efficient substrate base for 
growth and sporulation of P. lilacinus for field application. Gram husk, in the present study, 
has been found to be superior to wood charcoal. In terms of economy, sesame oil cake and rice 
grain for this purpose would be costly and the management measure may not be cost-effective. 
The gram husk would, therefore, be a better choice. 
Application of P. lilacinus grown on gram husk caused improvement in plant growth 
parameters of the nematode- infected plants. Considering the nutritional aspect, gram is a rich 
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source of N (3.33%), K (808 mg/lOOg) and P(340mg/ lOOg) which might be a contributing 
factor to the obtained maximum shoot and root growth and suppression of root galling and 
egg mass production. Reduction in the number of second stage juveniles though occurred in 
all the treatments, it was maximum in the gram husk + fungus. Since the juveniles were used as 
inoculum, it was expected that the fungus would infect the eggs at the egg laying stage of 
mature females. Egg masses collected from the nematode infected plants showed the highest 
per cent infection (post penetration infection) in treatments with fungus cultured on gram husk 
which is commensurate with the observation on population reduction. 
Sterilized gram husk alone (without P. lilacinus) also improved plant growth of the 
nematode-infected plants. This enhanced plant growth may be partly due to effect of the gram 
husk acting as organic manure supplying nutrition to the plants and reducing the nematode 
population. A number of organic matters have been found to be effective in suppressing 
nematode populations and improving plant growth (Singh and Sitaramaiah, 1973; Sitaramaiah, 
1990). However, plant growth was comparatively better in treatment with gram husk-
colonized with the fungus than gram husk alone or control. Gram husk alone caused 20 per 
cent reduction in gall index and 40 per cent in second-stage juveniles, while gram husk 
colonized with the fungus showed 50 and 85 per cent reduction in gall index and second stage 
juveniles, respectively. Such a reduction suggests that gram husk may be contributing 
independently as an organic amendment for improved plant growth and nematode control. 
For soil application, a dose of 4 g of ftingus + gram husk/ per kg soil is better than 
higher doses used in the study, as this dose along with other higher doses caused highest 
reductions in root galling and population of the nematode. This response was linear with the 
increase in fiingal dosage upto 4 g/kg soil beyond which the differences were not significant. 
Therefore, 4 g emerges to be appropriate dose. Egg infection increased upto the 8 g level, 
probably due to increasing exposure of the latter to higher fungal spore quantum in the higher 
doses. However, considering the efficiency (nematode population reduction and improvement 
of plant growth) and economy 4 g fimgus culture/ kg soil should be the optimum dose for 
effective and economic management of the nematodes. In microplot studies, the quantities of 
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the effective levels, 10 and 20 g of P. lilacirtus infected wheat grains was 0.28 and 0.416 ton 
per ha as row treatment (Cabanillas and Barker, 1989) or 0.375 ton per ha when applied 1.5 kg 
per 40 m^ (Jatala, 1986). However, Backman and Rodriguez-Kabana (1975) suggested that 
considering the cost of carrier material, storage spaces and delivery at an economical level, 
applications of biocontrol agents in excess of 100-200 kg per ha are un-economic. Preliminary 
trials in the laboratory by Bansal and Bhatti (1992) have shown that seed coating in case of 
okra (seed rate 20 kg per ha), required only 2 kg of charcoal powder. In the present study, 
gram husk was found to be superior to charcoal powder as carrier material for field dispensing. 
The optimum temperature for growth of the four isolates of P. lilacirtus ranged fi"om 
24 to 30 °C. The isolates showed similar growth patterns. Variations observed in the isolates 
of P. lilacirtus for the efiSciency in the management of root-knot nematodes has been reported 
(Jatala, 1986) The Hyderabad isolate (Pl-4) was less effective than others, most effective being 
the Peru and the local isolates (Pl-1 & Pl-2). 
Sayre (1986) remarked that invasion of nematode eggs by an antagonist in vitro, is 
insufficient evidence that biological control proceeds in a natural ecosystem and variable result 
may be found if an isolates is introduced in a new geographical area. The local isolate of P. 
lilacirtus isolated and used in the study was invading the egg masses and infected eggs. It was 
also sufficiently effective in the management of M incognita on tomato and its performance 
was similar to that of Peru isolate. Therefore, it can be used for development of biopesticides, 
which would be effective in this geographical region. Nevertheles, more information on 
ecological factors that may influence its efiSciency as biocontrol may be needed. 
As shown earlier (Stirling ,1981) this study also demonstrates that Pasteuria penetrans 
have potential to be used as microbial pesticide. At concentrations of 100 mg / kg, sufficient 
spores were present in soil to infest all nematodes within 24 h. It was suggested that if similar 
spore concentrations could be attained around the roots of plants in the field, many of the 
juveniles would be infested before root ingress. Since the second stage juveniles (J^) of root-
knot nematodes pass several hours in soil before root-penetration, there is great possibility that 
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during their migration towards roots, a high number of juveniles would be infested with 
bacterial spores. 
Suitable temperature range for maximum spore attachment of P. penetrans has been 
reported between 22.5 and 30°C for J^ of M javanica (Stirling ,1981) or between 25 and 
30°C for M incognita (Maheswary et al, 1988; Soma Shekar and Gill, 1990). The resuhs 
obtained in the present study were at variance. Maximum spore attachment was found to be 
between 15to26°C. 
Maximum spore attachment of the bacterium on J^ was at 50% moisture level. Guiran 
and Demeure(1978) has reported that nematodes are most active in soil with moisture level at 
40 to 60 per cent of the field capacity and more through soil in water films. As the soil, either 
dry or increase in moisture, the nematode activity decreases. Further, the variations of moisture 
content either towards lower side i.e. 25 per cent or higher side i.e. 75 per cent inhibited spore 
attachment. This could be explained that at higher moisture level, the nematode movement 
might be hindered because of water fihn thickness or possibly due to reduced activity rate for 
want of oxygen (Van Gundy, 1965; Wallace, 1966). 
Combined application of P. lilacinus and P. penetrans, was more effective than their 
individual application for the management of M incognita on tomato as greater suppression in 
root galling and egg mass number were found. As observed, P. lilacinus suppressed hatching 
of the juveniles and infected eggs. The extent to which P. lilacinus reduced juvenile hatching is 
significant because P. lilacinus is an egg parasite (Jatala et al., 1979, 1980). In pots where P. 
lilacinus was applied the growth of tomato plants increased compared to pots containing M 
incognita alone. The greater increase in the plant growth of tomato was the direct result of the 
progressive reduction of soil populations of M incognita following the appUcation of P. 
lilacinus. According to Jatala et al. (1981), P. lilacinus has the ability to reduce population 
densities of M incognita progressively with succeeding generations. P. penetrans also 
suppressed root galling and egg mass production by M incognita and resulted in greater yield 
in the glass house experiments. The reduction of root galling confirms earlier reports (Mankau 
and Prasad 1972; Mankau, 1980) in which green-house tomatoes inoculated with M 
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incognita had fewer galls on roots grown in soil containing P. penetrans than in soil without P. 
penetrans. 
Pasteuria penetrans and P. lilacinus attack different stage of the nematode. P. 
penetrans attacks second stage juveniles, killing some of them, those that survive and become 
adult females produce few or no eggs, but instead their bodies become filled with spores of P. 
penetrans. P. lilacinus attacks eggs and sometimes adult females resulting in decrease in 
nematode population densities and plant damage to a greater extent than would either 
organism alone. Their joint application would be advantageous to achieve greater success. As 
suggested by Cabanillas et al (1989), success in the future probably will result from a 
combination of antagonists that effectively suppress M incognita and other target organisms 
during different phases of their life cycles. 
It emerges fi^om this study that in vegetable fields in this part of India, their exists a 
degree of biocontrol by soil fungi. Some are known and others may be unknown biocontrol 
agents or candidates involved in this process. P. lilacinus, the indigenous isolate is as effective 
as the Peru isolate. Kbataticola is also an effective biocontrol agent but for biosafety reasons , 
as it is parasitic on legumes, it cannot be recommended for universal appication. It may be 
developed as biopesticide for selective crops only which should be used with great prudence . 
It was, however, not parasitic on tomato. P. lilacinus may be combined with P. penetrans for 
greater efficacy. The indigenous isolate of P.lilacinus which is effective by itself, may be 
developed as biopesticide. Gram husk can be used for mass culturing of the fungus for supply 
to growers for field dispensing. Surveys may be conducted in other parts of the country to 
search for soil fungi which may be biocontrol agents for root-knot nematodes and can be used 
for biopesticide development. It is also likely that more efficient isolate of P. lilacinus may be 
discovered during thes surveys. Concerted efforts are needed to make management of root-
knot nematodes by the use of biopesticides a reality in different agro-ecological conditoions. 
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SUMMARY 
Biocontrol of plant pathogens is now preferred because of environmental risks and 
health hazards involved in the use of chemical pesticides. Biopesticides which can be 
indigenously developed and used for management of root-knot nematodes are currently in 
focus. A number of microorganisms including fungi have shown promise as effective 
biocontrol agents which can be used for developement of biopesticides. The present study 
aimed to examine possibilities of developing effective biopesticides for the management of 
root-knot nematodes using indigenous microbial resource. 
To achieve this objective at first surveys were conducted is some localities in the 
district of Aligarh, Agra, Etah, Bulandshahr and Ghaziabad located in the western part of the 
state Uttar Pradesh to assess the level of infestation of root-knot nematodes in vegetable fields 
and to identify the microorganisms particularly fiingi naturally involved in biocontrol of root-
knot nematodes in this area. Root samples of vegetable crops collected from the districts were 
thoroughly examined for the presence of root-knot nematode infection and soil fiingi infecting 
egg masses/ eggs of root- knot nematodes. The level of infection of egg masses/ eggs was also 
determined. Fungi from infected egg masses/ eggs were isolated, identified and maintained in 
stock for further studies. 
Root samples of the vegetable crops collected from the districts showed moderate to 
heavy infection. The per cent occurrence of the disease ranged between 36-67 in the samples 
and the total frequency of the disease in the districts was 52.3%. Root gall index (GI) and egg 
mass index (EMI) ranged from 1-5 and 0-5, respectively. Meloidogyne incognita and M 
javanica were prevalent species of root-knot nematodes on different vegetable crops, 
occurring singly or concomitantly. M. arenaria was also present in some samples. 
A total of 62 species of fungi were isolated from the egg masses of the root-knot 
nematodes present in the root samples. Fusarium oxysporum, Verticillium chlamydosporium, 
Paecilomyces lilacinus and Rhizoctonia bataticola were found infecting eggs of root-knot 
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nematodes. P. lilacinus and R. bataticola were studied further for assessing their biocontrol 
efficiency. 
EfiFect of culture filtrates of two isolates of P. lilacinus local-isolated fi"om the root 
samples; foreign-obtained fi"om Peru) and K bataticola on juvenile hatching and mortality of 
M incognita was studied by application in water using different concentrations. Culture 
filtrates of P. lilacinus (both isolates, foreign and local) and R. bataticola effectively killed the 
juveniles of M incognita and inhibited the juvenile hatching. The effects were, however 
variable depending upon the fungus involved. Time duration of exposure and concentration 
had direct bearing in killing the juveniles and inhibiting their hatch. 
Effeciency of P. lilacinus (foreign & local) isolates and R. bataticola for colonizing egg 
masses of M incognita was tested in artificial medium (PDA) under aseptic conditions. Both 
the fungi colonized egg masses and were capable of destroying the eggs. P. lilacinus isolates 
were, however, more effective. 
The efficiency of P. lilacinus (local isolate) and K bataticola for control of M 
incognita on tomato was studied in artificial inoculations under glasshouse conditions. In 
simultaneous and sequential incoulations, P. lilacinus and R. bataticola suppressed the adverse 
effects of M incognita on plant growth, resulting in improved plant growth. The disease 
intensity was reduced as root galling and egg mass production were greatly suppressed. 
Highest percentage of egg infection occurred when the plants were applied with either of the 
fungi, two or three weeks prior to nematode inoculations. 
When the plants were inoculated with M incognita, P. lilacinus and R. bataticola 
simultaneously, plant growth greatly improved in comparison to the plants inoculated with the 
nematode alone. In combined inoculation, GI and EMI were lowest. Percentage of infected 
eggs was found to be highest in combined inoculation of both the fiangi. Nematode population 
was also reduced. 
In case of plants where the roots were dipped in the culture filtrates of P. lilacinus/ R. 
bataticola and inoculated withM mcogw/to juveniles, the lengths, fi^esh and dry weights of the 
plants were greater than plants inoculated with the nematode. The dipping of the roots for 30 
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min was better than 10 or 20 min dipping. Intensity of the disease was reduced in all the dip 
time but 30 min dip was the best as root galling, egg mass production and nematode 
population were greately reduced. 
Growth and sporulation of P. lilacinus on various organic substrates (agricultural 
wastes and other organic materials) in order to dispense it in the field was studied. Gram husk 
was superior to other materials used in the study as it contained the highest spore count of P. 
lilacinus. Apphcation of the organic substrates grown with P. lilacinus improved growth of 
tomato plants infected with root-knot nematode, M incognita by suppressing root galling and 
nematode development. Highest improvement in growth parameters of the nematode infected 
plants occurred when the treatments were applied with the fungus cultured on gram husk. 
Growth of tomato plants was highest when 4,6 and 8 g gram husk cultured with P. 
lilacinus was added. Root galling and nematode development was also reduced by the 
application of the above mentioned doses of P. lilacinus cultured on gram husk. 
Effect of varying temperatures on growth of four different isolates of P. lilacinus 
designated as Pll, P12, P13 and P14 obtained fi-om Peru (foreign), Bulandshahr (local), Jhansi 
and Hyderabad respectively and their mixtures designated P15 was investigated to determine a 
suitable temperature for their growth. Mean fimgal dry weight of all the isolates was greatest at 
24 to 28 °C. 
Biocontrol efficacy of four different isolates of P. lilacinus was compared in artifical 
inoculations. All the four isolates of P. lilacinus and their mixture were effective in suppressing 
the root-knot nematode and improving the plant growth. The efficacy of the isolates, 
however, varied both for plant growth and root-knot development. The isolates PI 1, PI 2 and 
their mixtures were equally effective. 
Effect of temperature and moisture on spore attachment of Pasteuria penetrans to the 
second stage juveniles of M incognita was examined. Attachment of the spores of P. 
penetrans to the nematode body occurred at all the three temperatures tested with minimum 
number of spores/ J2 being observed at 10 °C. The spore attachment increased with the 
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increase in exposure period from 24 to 72 h at all the three temperatures. Maximum and 
minimum spore attachment was observed at 50 and 25 per cent moisture levels. 
Both P. lilacinus and P. penetrans and their combination {P. lilacinus + P. penetrans) 
were effective in suppressing the root-knot nematode and improved the plant growth. P. 
lilacinus was comparatively more efficient than P. penetrans in this respect. The combined 
efficiency of both the microbes was better than P. lilacinus alone. 
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ANOVA TABLE 
Table 11. Effect of culture filtrate of some soil fungi on juvenile hatching of Meloidogyne 
incognita 
1 la. Paecilomyces lilacinus(f) after 24h 
SOURCE 
Replicate 
Treatment 
Error 
l ib . 
SOURCE 
Replicate 
Treatment 
Error 
l i e . 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
5 
20 
S.S. 
41.000 
133485.000 
329.5000 
Paecilomyces lilacinus (f) after 48 h 
D.F. 
4 
5 
20 
S.S. 
149.5000 
3676817.0000 
347.5000 
Paecilomyces lilacinus (f) after 72 h 
D.F. 
4 
5 
20 
S.S. 
66.0000 
5244778.0000 
302.0000 
11 d. Paecilomyces lilacinus (1) after 24 h 
SOURCE 
Replicate 
Treatment 
Error 
l i e . 
SOURCE 
Replicate 
Treatment 
Error 
11 f. 
SOURCE 
Replicate 
Treatment 
Error 
11 g-
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
5 
20 
S.S. 
134.0000 
1383127.5000 
122.0000 
Paecilomyces lilacinus (1) after 48 h 
D.F. 
4 
5 
20 
S.S. 
212.0000 
3396965.0000 
166.0000 
Paecilomyces lilacinus (1) after 72 h 
D.F. 
4 
5 
20 
S.S. 
2162.0 
5383805.00 
6380.0 
Rhizoctonia bataticola after 24 h 
D.F. 
4 
5 
25 
S.S. 
88.5000 
1241080.0000 
234.5000 
M.S.S. 
10.2500 
266697.0000 
16.4750 
M.S.S. 
37.3750 
735363.3750 
17.3750 
M.S.S. 
16.5000 
1048955.6250 
15.000 
M.S.S. 
33.5000 
276625.5000 
6.1000 
M.S.S. 
53.0000 
679393.0000 
8.3000 
M,S.S 
540.5 
1076761.0 
319.0 
M.S.S. 
22.1250 
248216.0000 
11.7250 
F.VAL. 
0.6222 
16187.9814 
F.VAL. 
2.1511 
42323.0703 
F.VAL. 
1.0927 
69467.2578 
F.VAL. 
5.4918 
45348.4414 
F.VAL. 
6.3855 
81854.5781 
F.VAL. 
1.6944 
3375.4263 
F.VAL. 
1.8870 
21169.8066 
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11 h. Rhizoctonia bataticola after 48 h 
SOURCE 
Replicate 
Treatment 
Error 
H i . 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
5 
25 
S.S. 
260.0000 
3194836.0000 
146.0000 
Rhizotonia bataticola after 72 h 
D.F. 
4 
5 
25 
S.S. 
54.0000 
3944060.0000 
6.0000 
M.S.S. 
65.0000 
638967.1875 
7.3000 
M.S.S. 
13.5000 
788812.0000 
12.8000 
F.VAL. 
8.9041 
87529.7500 
F.VAL. 
1.0547 
61625.9375 
Table 12. Effect of culture filtrate of some soil fungi on juvenile mortality of Meloidogyne 
incognita 
12 a. Paecilomyces lilacinus (f) after 24 h 
SOURCE 
Replicate 
Treatment 
Error 
12 b. 
SOURCE 
Replicate 
Treatment 
Error 
12 c. 
SOURCE 
Replicate 
Treatment 
Error 
12 d. 
SOURCE 
Replicate 
Treatment 
Error 
12 e. 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
5 
20 
S.S. 
4.6406 
10422.641 
45.3594 
Paecilomyces lilacinus (f) after 48 h 
D.F. 
4 
5 
20 
Paecilomyces 
D.F. 
4 
5 
20 
Paecilomyces 
D.F. 
4 
5 
20 
S.S. 
5.3594 
17879.758 
41.4414 
lilacinus (f) after 72 h 
S.S. 
14.5586 
21101.363 
38.2383 
lilacinus (1) after 24 h 
S.S. 
3.6680 
33119.871 
45.1289 
Paecilomyces lilacinus (1) after 48 h 
D.F. 
4 
5 
20 
S.S. 
18.4688 
38164.699 
23.1328 
M.S.S. 
1.1602 
2605.660 
2.8350 
M.S.S. 
1.3398 
4469.939 
2.5901 
M.S.S. 
3.6396 
5275.341 
2.3899 
M.S.S. 
0.9170 
6623.974 
2.2564 
M.S.S. 
4.6172 
7632.940 
1.1566 
F.VAL. 
0.4092 
919.117 
F.VAL. 
0.5173 
1725.787 
F.VAL. 
1.5229 
2207.355 
F.VAL. 
0.4064 
2935.579 
F.VAL. 
3.9919 
6599.232 
158 
12 f. Paecilomyces lilacinus (1) after 72 h 
SOURCE 
Replicate 
Treatment 
Error 
12 g. 
SOURCE 
Replicate 
Treatment 
Error 
12 h. 
SOURCE 
Replicate 
Treatment 
Error 
12 i. 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
5 
20 
S.S. 
7.1328 
46586.566 
25.2656 
Rhizoctonia bataticola after 24 h 
D.F. 
4 
5 
20 
S.S. 
5.7969 
35968.668 
39.0000 
Rhizoctonia bataticola after 48 h 
D.F. 
4 
5 
20 
S.S. 
7.1328 
39847.098 
38.0703 
Rhizoctonia bataticola after 72 h 
D.F. 
4 
5 
20 
S.S. 
7.4609 
46532.000 
13.3359 
M.S.S. 
1.7832 
9317.313 
1.2633 
M.S.S. 
1.4492 
7193.733 
1.9500 
M.S.S. 
1.7832 
7969.419 
1.9035 
M.S.S. 
1.8652 
9306.400 
0.6668 
F.VAL. 
1.4116 
7375.486 • 
F.VAL. 
0.7432 
3689.094 
F.VAL. 
0.9368 
4186.685 
F.VAL. 
2.7943 
13956.875 
Table IS. Effect of Paecilomyces lilacinus on plant growth and development of root- knot 
nematode, Meloidogyne incognita on tomato 
15 a. Fresh weight of shoot 
SOURCE D.F. 
Replicate 4 
Treatment 3 
Error 12 
15 b. Fresh weight of root 
SOURCE D.F. 
Replicate 4 
Treatment 3 
Error 12 
15 c. Dry weight of shoot 
SOURCE D.F. 
Replicate 4 
Treatment 3 
Error 12 
S.S. 
1.4268 
507.678 
18.04020 
S.S. 
2.3738 
190.166 
6.8613 
S.S. 
0.3132 
17.105 
0.4669 
M.S.S. 
0.3567 
169.226 
1.5035 
M.S.S. 
0.5934 
63.389 
0.5718 
M.S.S. 
0.0783 
5.702 
0.0389 
F.VAL. 
0.2372 
• 112.555 
F.VAL. 
1.0379 
110.863 
F.VAL. 
2.0125 
146.541 
159 
15 d. Dry weight of root. 
SOURCE 
Replicate 
Treatment 
Error 
15 e. Length 
SOURCE 
Replicate 
Treatment 
Error 
15 f. Length of 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
3 
12 
of shoot 
D.F. 
4 
3 
12 
root 
D.F. 
4 
3 
12 
15 g. Egg/ egg mass 
SOURCE 
Replicate 
Treatment 
Error 
15 h. Number 0 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
3 
12 
fJ2 
D.F. 
4 
3 
12 
15 i. Number of J3/J4 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
3 
12 
15 j . Nimiber of females 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
3 
12 
S.S. 
0.0564 
1.923 
0.1958 
S.S. 
353.6289 
786.842 
1132.5098 
S.S. 
3.0703 
511.897 
6.1323 
S.S. 
141.8125 
414010.188 
599.8125 
S.S. 
26909.0000 
27259400.000 
69014.000 
S.S. 
2070.0000 
176183.750 
2960.0000 
S.S. 
2838.7500 
1495787.500 
3690.0000 
M.S.S. 
0.0141 
0.641 
0.0163 
M.S.S. 
88.4072 
262.281 
94.3758 
M.S.S. 
0.7676 
170.632 
0.5110 
M.S.S. 
35.4531 
138003.391 
49.9844 
M.S.S. 
6727.2500 
9086467.000 
5751.1665 
M.S.S. 
517.5000 
38727.918 
246.6667 
M.S.S. 
709.6875 
498595.844 
307.5000 
F.VAL. 
0.8635 
39.276 
F.VAL. 
0.9368 
2.779 
F.VAL. 
1.5020 
333.901 
F.VAL. 
0.7093 
2760.931 
F.VAL. 
1.1697 
1579.935 
F.VAL. 
2.0980 
238.086 
F.VAL. 
2.3079 
1621.450 
160 
15 k. Numbers of males 
SOURCE 
Replicate 
Treatment 
Error 
15 1. 
SOURCE 
Replicate 
Treatment 
Error 
15 m. 
SOURCE 
Replicate 
Treatment 
Error 
15 n. 
SOURCE 
Replicate 
Treatment 
Error 
15 0. 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
3 
12 
S.S. 
0.7000 
37.400 
12.1000 
Total nematode population 
Rf 
Gl 
EMI 
D.F. 
4 
3 
12 
D.F. 
4 
3 
12 
D.F. 
4 
3 
12 
D.F. 
4 
3 
12 
S.S. 
153098.0000 
43133124.000 
541196.0000 
S.S. 
0.0011 
12.011 
0.0017 
S.S. 
0.0500 
80.050 
0.4500 
S.S. 
0.0750 
73.638 
0.4250 
M.S.S. 
0.1750 
12.467 
1.0083 
M.S.S. 
38274.5000 
14377708.000 
45099.6680 
M.S.S. 
0.0003 
4.004 
0.0001 
M.S.S. 
0.0125 
26.683 
0.0375 
M.S.S. 
0.0188 
24.546 
0.0354 
F.VAL. 
0.1736 
12.364 
F.VAL. 
0.8487 
318.799 
F.VAL. 
1.8829 
27893.938 
F.VAL. 
0.3333 
711.560 
F.VAL. 
0.5294 
693.066 
Table 16 Effect of Rhizoctonia bataticola on plant growth and development of root-knot 
nematode, Meloidogyne incognita on tomato 
16 a. Fresh weight of shoot 
SOURCE D.F. S.S. M.S.S. F.VAL. 
Replicate 
Treatment 
Error 
4 
3 
12 
5.4395 
413.233 
6.0264 
1.3599 
137.744 
0.5022 
2.7078 
274.284 
16 b. Fresh weight of root 
SOURCE D.F. S.S. M.S.S. F.VAL. 
Replicate 4 
Treatment 3 
Error 12 
3.2502 
97.500 
7.3328 
0.8126 
32.500 
0.6111 
1.3297 
53.186 
16 c. Dry weight of shoot 
161 
SOURCE D.F. s.s. M.S.S. F.VAL. 
Replicate 
Treatmenl 
Error 
4 
3 
12 
31.1935 
29.955 
33.4178 
7.7984 
9.985 
2.7848 
2.8003 
3.586 
16 d. Dry weight of root 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
3 
12 
16 e. Length of shoot 
SOURCE 
Replicate 
Treatment 
Error 
16 f Length of 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
3 
12 
root 
D.F. 
4 
3 
12 
16 g. Eggs/ egg mass 
SOURCE 
Replicate 
Treatment 
Error 
16 h. J2 
SOURCE 
Replicate 
Treatment 
Error 
16 i. J3/J4 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
3 
12 
D.F. 
4 
3 
12 
D.F. 
4 
3 
12 
S.S. 
0.3258 
10.939 
0.9149 
S.S. 
4.6875 
737.695 
16.3633 
S.S. 
750.2295 
1015.086 
2059.4307 
S.S. 
177.6875 
475918.125 
703.1250 
S.S. 
2783.0000 
27554726.000 
9576.0000 
S.S. 
659.7031 
261617.797 
788.7188 
M.S.S. 
0.0814 
3.646 
0.0762 
M.S.S. 
1.1719 
245.898 
1.3636 
M.S.S. 
187.5574 
338.362 
171.6192 
M.S.S. 
44.4219 
158639.375 
58.5938 
M.S.S. 
695.7500 
9184909.000 
798.0000 
M.S.S. 
164.9258 
87205.930 
65.7266 
F.VAL. 
1.0683 
47.827 
F.VAL. 
0.8594 
180.329 
F.VAL. 
1.0929 
1.972 
F.VAL. 
0.7581 
2707.445 
F.VAL. 
0.8719 
11509.911 
F.VAL. 
2.5093 
1326.799 
1 6 2 
16 j . Females 
SOURCE 
Replicate 
Treatment 
Error 
16 k. Males 
SOURCE 
Replicate 
Treatment 
Error 
161. Total 
SOURCE 
Replicate 
Treatment 
Error 
16 m. Rf 
SOURCE 
Replicate 
Treatment 
Error 
16 n. GI 
SOURCE 
Replicate 
Treatment 
Error 
16 0. EMI 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
3 
12 
D.F. 
4 
3 
12 
S.S. 
2686.2500 
1317830.500 
6111.7500 
S.S. 
1.5000 
33.750 
2,5000 
nematode population 
D.F. 
4 
3 
12 
D.F. 
4 
3 
12 
D.F. 
4 
3 
12 
D.F. 
4 
3 
12 
S.S. 
1248.0000 
46887616.000 
2784.0000 
S.S. 
0.0004 
11.712 
0.0007 
S.S. 
0.2500 
76.837 
0.3500 
S.S. 
0.0750 
70.550 
0.3250 
M.S.S. 
671.5625 
439276.844 
509.3125 
M.S.S. 
0.3750 
11.250 
0.2083 
M.S.S. 
312.0000 
1562905.000 
232.0000 
M.S.S. 
0.0001 
3.904 
0.0001 
M.S.S. 
0.0625 
25.612 
0.0292 
M.S.S. 
0.0188 
23.517 
0.0271 
F.VAL. 
1.3186 
862.490 
F.VAL. 
1.8000 
54.000 
F.VAL. 
1.3448 
67367.266 
F.VAL. 
1.6579 
69879.938 
F.VAL. 
2.1428 
878.127 
F.VAL. 
0.6923 
868.316 
Table 17. Combined effect oi Paecilomyces lilacinus and Rhizoctonia bataticola and 
development of root-knot nematode, Meloidogyne incognita on tomato 
17 a. Fresh weight of shoot 
SOURCE D.F. S.S. M.S.S. F.VAL. 
Replicate 
Treatment 
Error 
4 
7 
28 
5.6055 
670.572 
24.3516 
1.4014 
95.796 
0.8697 
1.6113 
110.149 
17 b. Fresh weight of rcx)t 1 6 3 
SOURCE D.F. 
Replicate 4 
Treatment 7 
Error 28 
17 c. Dry weight of shoot 
SOURCE D.F. 
Replicate 4 
Treatment 7 
Error 28 
17 d. Dry weight of root 
SOURCE D.F. 
Replicate 4 
Treatment 7 
Error 28 
17 e. Length of shoot 
SOURCE D.F. 
Replicate 4 
Treatment 7 
Error 28 
17 f Length of root 
SOURCE D.F. 
Replicate 4 
Treatment 7 
Error 28 
17 g. Eggs/egg mass 
SOURCE D.F. 
Replicate 4 
Treatment 7 
Error 28 
17 h. J2 
SOURCE D.F. 
Replicate 4 
Treatment 7 
Error 28 
S.S. 
0.5332 
119.522 
11.2559 
S.S. 
0.5143 
14.409 
0.9456 
S.S. 
0.0518 
15.167 
1.5469 
S.S. 
7.4844 
1312.422 
25.9375 
S.S. 
2.7529 
409.163 
18.7764 
S.S. 
123.8750 
759868.000 
483.7500 
S.S. 
631.0000 
33155642.000 
4540.0000 
M.S.S. 
0.1333 
17.075 
0.4020 
M.S.S. 
0.1286 
2.058 
0.0338 
M.S.S. 
0.0130 
2.167 
0.0552 
M.S.S. 
1.8711 
187.489 
0.9263 
M.S.S. 
0.6882 
58.452 
0.6706 
M.S.S. 
30.9688 
108552.570 
17.2768 
M.S.S. 
157.7500 
4736520.500 
162.1429 
F.VAL. 
0.13316 
42.475 
F.VAL. 
3.8075 
60.952 
F.VAL. 
0.2346 
39.219 
F.VAL. 
2.0199 
202.398 
F.VAL. 
1.0263 
87.166 
F.VAL. 
1.7925 
6283.146 
F.VAL. 
0.9729 
29212.021 
17 i. J3/J4 1 6 4 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
7 
28 
17 j . Number of females 
SOURCE 
Replicate 
Treatment 
Eiror 
17 k. Males 
SOURCE 
Replicate 
Treatment 
Error 
D.F, 
4 
7 
28 
D.F. 
4 
7 
28 
S.S. 
145.3516 
157363.391 
952.2344 
S.S. 
1334.8750 
999982.000 
6903.5000 
S.S. 
1.1500 
39.575 
10.0500 
M.S.S. 
36.3379 
22480.484 
34.0084 
M.S.S. 
333.7188 
142854.578 
246.5536 
M.S.S. 
0.2875 
5.654 
0.3589 
F.VAL. 
1.0685 
661.028 
F.VAL. 
1.3535 
579.406 
F.VAL. 
0.8010 
15.751 
171. Total nematode population 
SOURCE D.F. S.S. M.S.S. F.VAL. 
Replicate 
Treatment 
Error 
4 
7 
28 
2636.0000 
47798548.000 
15620.0000 
659.0000 
6828364.000 
557.8571 
1.1813 
12240.346 
17 m. Rf 
SOURCE D.F. S.S. M.S.S. F.VAL. 
Replicate 
Treatment 
Error 
4 
7 
28 
0.0005 
1.950 
0.0042 
0.0001 
1.707 
0.0001 
0.9017 
11406.822 
17 n. EMI 
SOURCE D.F. S.S. M.S.S. F.VAL. 
Replicate 
Treatment 
Error 
4 
7 
28 
0.0875 
100.475 
1.2125 
0.0219 
14.354 
0.0433 
0.5052 
331.463 
17 0. Gl 
SOURCE D.F. S.S. M.S.S. F.VAL. 
Replicate 
Treatment 
Error 
4 
7 
28 
0.0625 
99.544 
1.2375 
0.0156 
14.221 
0.0442 
0.3535 
321.757 
1 6 5 
Table 18. Effect of sequential inoculation of Paecilomyces lUacinus and Meloidogyne 
incognita on plant growth and root-knot nematode development on tomato 
18 a. Fresh weight of shoot 
SOURCE 
Replicate 
Treatment 
Error 
18 b. 
SOURCE 
Replicate 
Treatment 
Error 
18 c. 
SOURCE 
Replicate 
Treatment 
Error 
18 d. 
SOURCE 
Replicate 
Treatment 
Error 
18 e. 
SOURCE 
Replicate 
Treatment 
Error 
18 f. 
SOURCE 
Replicate 
Treatment 
Error 
18 g. 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
9 
36 
Fresh weight of root 
D.F. 
4 
9 
36 
Dry weight of shoot 
D.F. 
4 
9 
36 
Dry weight of root 
D.F. 
4 
9 
36 
Length of shoot 
D.F. 
4 
9 
36 
Length of root 
D.F. 
4 
9 
36 
Eggs/ egg mass 
D.F. 
4 
9 
36 
S.S. 
0.7969 
1117.301 
17.2188 
S.S. 
0.9155 
171.370 
14.0537 
S.S. 
30.8198 
61.959 
318.1674 
S.S. 
0.0684 
7.4886 
1.9189 
S.S. 
0.4023 
2099.1445 
45.2695 
S.S. 
2.8711 
374.6699 
22.6855 
S.S. 
101.1250 
600909.8750 
909.6250 
M.S.S. 
0.1992 
124.145 
0.4783 
M.S.S. 
0.2289 
19.041 
0.3904 
M.S.S. 
7.7049 
6.884 
8.8380 
M.S.S. 
0.0171 
0.8321 
0.0533 
M.S.S. 
0.1006 
233.2383 
1.2575 
M.S.S. 
0.7178 
41.6300 
0.6302 
M.S.S. 
25.2813 
66767.7656 
25.2674 
F.VAL. 
0.4165 
259.554 
F.VAL. 
0.5863 
48.776 
F.VAL. 
0.8718 
0.779 
F.VAL. 
0.3210 
15.6103 
F.VAL. 
0.0800 
F.VAL. 
1.1390 
66.0632 
F.VAL. 
1.0005 
2642.4512 
166 
18 h. 
SOURCE 
Replicate 
Treatment 
Error 
18 i 
SOURCE 
Replicate 
Treatment 
Error 
Number of J2 
D.F. 
4 
9 
36 
Number of J3/J4 
D.F. 
4 
9 
36 
18 j No. of females 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
9 
36 
18 k No. of males 
SOURCE 
Replicate 
Treatment 
Error 
181. 
SOURCE 
Replicate 
Treatment 
Error 
18 m. 
SOURCE 
Replicate 
Treatment 
Error 
18 n 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
9 
36 
S.S. 
5222.0000 
31073152.0000 
24574.0000 
S.S. 
172.2813 
210439.2813 
5286.9063 
S.S. 
722.0000 
1942416.0000 
16618.0000 
S.S. 
0.9200 
49.2200 
32.2800 
Total number of nematodes 
D.F. 
4 
9 
36 
Rf. 
D.F. 
4 
9 
36 
EMI 
D.F. 
4 
9 
36 
S.S. 
10808.0000 
50715352.0000 
87128.0000 
S.S. 
0.0007 
12.7505 
0.0108 
S.S. 
0.3700 
89.8200 
2.1300 
M.S.S. 
1305.5000 
3452572.5000 
682.6111 
M.S.S. 
43.0703 
23382.1426 
146.8585 
M.S.S. 
180.5000 
215824.0000 
461.6111 
M.S.S. 
0.2300 
5.4689 
0.8967 
M.S.S. 
2702.0000 
5635039.0000 
2420.2222 
M.S.S. 
0.0002 
1.4167 
0.0003 
M.S.S. 
0.0925 
9.9800 
0.0592 
F.VAL. 
1.9125 
5057.8911 
F.VAL. 
0.2933 
159.2155 
F.VAL. 
0.3910 
467.5451 
F.VAL. 
0.2565 
6.0991 
F.VAL. 
1.1164 
2328.3147 
F.VAL. 
0.6192 
4735.6416 
F.VAL. 
1.5634 
168.6769 
167 
18 0. GI 
SOURCE D!R S!S^ M.S.S. F.VAL. 
Replicate 4 0.0700 0.0175 0.3264 
Treatment 9 94.4200 10.4911 195.6883 
Error 36 1.9300 0.0536 
Table 19 Effect of sequential inoculation of Rhizoctonia bataticola and Meloidogyne 
incognita on plant growth and root-knot nematode development on tomato 
19a. Fresh weight shoot 
SOURCE DP. 
Replicate 4 
Treatment 9 
Error 36 
19 b. Fresh weight of root 
SOURCE DP. 
Replicate 4 
Treatment 9 
Error 36 
19 c. Dry weight of shoot 
SOURCE D.F. 
Replicate 4 
Treatment 9 
Error 36 
19 d. Dry weight of root 
SOURCE DP. 
Replicate 4 
Treatment 9 
Error 36 
19 e. Length of shoot 
SOURCE D.P. 
Replicate 4 
Treatment 9 
Error 36 
19 f Length of root 
SOURCE DP. 
Replicate 4 
Treatment 9 
Error 36 
S.S. 
1.2695 
858.6563 
27.7910 
S.S. 
0.7251 
191.0845 
7.1733 
S.S. 
0.0523 
20.7762 
1.2245 
S.S. 
0.1418 
8.5520 
0.5447 
S.S. 
0.0195 
1368.2227 
22.7070 
S.S. 
10.3145 
293.3760 
39.3926 
M.S.S. 
0.3174 
95.4063 
0.7720 
M.S.S. 
0.1813 
21.2316 
0.1993 
M.S.S. 
0.0131 
2.3085 
0.0340 
M.S.S. 
0.0355 
0.9502 
0.0151 
M.S.S. 
2.2549 
152.0247 
0.6308 
M.S.S. 
2.5786 
32.5973 
1.0942 
P.VAL 
0.4111 
123.5876 
P.VAL 
0.9097 
106.5526 
P.VAL 
0.3842 
67.8692 
P.VAL 
2.3434 
62.8004 
P.VAL 
3.5749 
241.0218 
P.VAL 
2.3565 
29.7900 
168 
19 g. 
SOURCE 
Replicate 
Treatment 
Error 
19 h. 
SOURCE 
Replicate 
Treatment 
Error 
19 i. 
SOURCE 
Replicate 
Treatment 
Error 
19 j . 
SOURCE 
Replicate 
Treatment 
Error 
19 k. 
SOURCE 
Replicate 
Treatment 
Error 
Eggs/ egg mass 
D.F. 
4 
9 
36 
J2 
D.F. 
4 
9 
36 
J3/J4 
D.F. 
4 
9 
36 
Females 
D.F. 
4 
9 
36 
Males 
D.F. 
4 
9 
36 
S.S. 
716.5000 
675085.5000 
842.0000 
S.S. 
4648.0000 
55404676.0000 
29504.0000 
S.S. 
377.2813 
197844.5625 
3177.5313 
S.S. 
870.0000 
2943522.0000 
8722.0000 
S.S. 
11.7200 
54.8200 
53.4800 
19 1. Total nematode population 
SOURCE 
Replicate 
Treatment 
Error 
19 m. 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
9 
36 
Rf 
D.F. 
4 
9 
36 
S.S. 
2000.0000 
84892232.0000 
16880.0000 
S.S. 
0.0004 
21.2739 
0.0049 
M.S.S. 
179.1250 
75009.5000 
23.3889 
M.S.S. 
1162.0000 
6156075.0000 
819.5555 
M.S.S. 
94.3203 
21982.7285 
88.2648 
M.S.S. 
217.5000 
327058.0000 
242.2778 
M.S.S. 
2.9300 
6.0911 
1.4856 
M.S.S. 
500.0000 
9432470.0000 
468.8889 
M.S.S. 
0.0001 
2.3638 
0.0001 
F.VAL 
7.6586 
3207.0569 
F.VAL 
1.4178 
7511.4800 
F.VAL 
1.0686 
249.0544 
F.VAL 
0.8977 
1349.9298 
F.VAL 
1.9723 
4.1002 
F.VAL 
1.0664 
20116.6426 
F.VAL. 
0.6553 
17279.0684 
19 n. EMI 
169 
SOURCE D.F. S.S. M.S.S. F.VAL. 
Rq)licate 
Treatment 
Error 
4 
9 
36 
0.3700 
80.2200 
2.1300 
0.0925 
8.9135 
0.0592 
1.5634 
150.6476 
19 o. GI 
SOURCE D.F. S.S. M.S.S. F.VAL 
Replicate 
Treatment 
Error 
4 
9 
36 
0.0800 
86.9050 
2.1200 
0.0200 
9.6561 
0.0589 
0.3396 
163.9721 
Table 20 Effect of culturel filtrate of P. lUacinus on plant growth and root-knot nematode 
development on tomato 
20 a. Fresh weight of shoot 
SOURCE D.F. S.S. M.S.S. F.VAL 
Replicate 
Treatment 
Error 
4 
7 
28 
0.4160 
664.9570 
26.6074 
0.1040 
94.9939 
0.9503 
0.1094 
99.9656 
20 b. Fresh weight of root 
SOURCE D.F. 
Replicate 4 
Treatment 7 
Error 28 
20 c Dry weight of shoot 
SOURCE D.F. 
Replicate 4 
Treatment 7 
Error 28 
20 d. Dry weight of root 
SOURCE D.F. 
Replicate 4 
Treatment 7 
Error 28 
S.S. 
2.7681 
244.3560 
3.1162 
S.S. 
0.0975 
15.6099 
1.6765 
S.S. 
0.1085 
5.5294 
0.5530 
M.S.S. 
0.6920 
34.9080 
0.1113 
M.S.S. 
0.0244 
2.2300 
0.0599 
M.S.S. 
0.0271 
0.7899 
0.0198 
F.VAL 
6.2180 
313.6578 
F.VAL 
0.4070 
37.2436 
F.VAL 
1.3738 
39.9938 
20 e. Length of shoot 
SOURCE D.F. S.S. M.S.S. F.VAL 
Replicate 4 
Treatment 7 
Error 28 
5.4063 
1746.4609 
14.0781 
1.3516 
249.4944 
0.5028 
2.6881 
496.2198 
20 f. Length of root 170 
SOURCE 
Replicate 
Treatment 
Error 
20 g. 
SOURCE 
Replicate 
Treatment 
Error 
20 h. 
SOURCE 
Replicate 
Treatment 
Error 
20 i. 
SOURCE 
Replicate 
Treatment 
Error 
20 j . 
SOURCE 
Replicate 
Treatment 
Error 
20 k. 
SOURCE 
Replicate 
Treatment 
Error 
201. 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
7 
28 
Eggs/ egg mass 
D.F. 
4 
7 
28 
Number of J2 
D.F. 
4 
7 
28 
Number of J3/J4 
D.F. 
4 
7 
28 
Number of females 
D.F. 
4 
7 
28 
Number of males 
D.F. 
4 
7 
28 
S.S. 
1.4531 
426.1543 
10.5625 
S.S. 
41.3125 
749774.1875 
421.4375 
S.S. 
310.0000 
42328448.0000 
2492.0000 
S.S. 
254.6016 
109668.3984 
1740.6016 
S.S. 
864.6250 
2256995.5000 
7401.5000 
S.S. 
1.6500 
53.7750 
16.3500 
Total number of nematode population 
D.F. 
4 
7 
28 
S.S. 
196.0000 
67839104.0000 
3256.0000 
M.S.S. 
0.3633 
60.8792 
0.3772 
M.S.S. 
10.3281 
107110.6016 
15.0513 
M.S.S. 
77.5000 
6046921.0000 
89.0000 
M.S.S. 
63.6504 
15666.9141 
62.1643 
M.S.S. 
216.1563 
322427.9375 
264.3393 
M.S.S. 
0.4125 
7.6821 
0.5839 
M.S.S. 
49.0000 
9691301.0000 
116.2857 
F.VAL 
0.9630 
161.3839 
F.V.AJL 
0.6862 
7116.3501 
F.VAL 
0.8708 
67942.9297 
F.VAL 
1.0239 
252.0241 
F.VAL 
0.8177 
1219.7504 
F.VAL 
0.7064 
13.1560 
F.VAL 
0.4214 
83340.4297 
20 m. 
SOURCE 
Rf 
D.F. S.S. M.S.S. F.VAL 
1 7 1 
Replicate 
Treatment 
Error 
4 
7 
28 
0.001 
16.9003 
0.0009 
0.0000 
2.4143 
0.0000 
0.5640 
73228.4609 
20 n. EMI 
SOURCE D.F. S.S. M.S.S. F.VAL 
Replicate 
Treatment 
Error 
4 
7 
28 
0.1625 
98/0438 
0.7375 
0.0406 
14.0063 
0.0263 
1.5424 
531.7660 
20 0. GI 
SOURCE D.F. S.S. M.S.S. F.VAL. 
Replicate 
Treatment 
Error 
4 
7 
28 
0.0875 
108.5000 
0.8125 
0.0219 
15.500 
0.290 
0.7539 
534.1589 
Table 21. Effect of culture filtratre of R. bataticola on plant growth and root-knot 
nematode development on tomato 
21a. Fresh weight of shoot 
SOURCE 
Replicate 
Treatment 
Error 
21b. 
SOURCE 
Replicate 
Treatment 
Error 
21c. 
SOURCE 
Replicate 
Treatment 
Error 
D.R 
4 
7 
28 
Fresh weight of rool 
D.F. 
4 
7 
28 
Dry weight of shoot 
21 d. Dry 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
7 
28 
weight of root 
D.F. 
4 
7 
28 
S.S. 
2.4980 
473.2871 
16.5586 
t 
S.S. 
0.9746 
123.7686 
13.4194 
S.S. 
0.3926 
16.4493 
1.4103 
S.S. 
0.1576 
4.4474 
2.3721 
M.S.S. 
0.6245 
67.6124 
0.5914 
M.S.S. 
0.2437 
17.6812 
0.4793 
M.S.S. 
0.0981 
2.3499 
0.0504 
M.S.S. 
0.0394 
0.6353 
0.0847 
F.VAL. 
1.0560 
114.3303 
F.VAL. 
0.5084 
36.8923 
F.VAL. 
1.9485 
46.6545 
F.VAL. 
0.4650 
7.4994 
1 7 2 
21 e. Length of shoot 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
7 
28 
21 f. Length of root 
SOURCE 
Replicate 
Treatment 
Error 
21 g. 
SOURCE 
Replicate 
Treatment 
Error 
21 h. 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
7 
28 
S.S. 
10.3711 
780.5000 
14.8477 
S.S. 
4.7070 
99.5537 
36.2275 
No. of eggs/ egg mass 
D.F. 
4 
7 
28 
Number of J2 
D.F. 
4 
7 
28 
21 i. Number of J3/J4 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
7 
28 
21 j . Number of Females 
SOURCE 
Replicate 
Treatment 
Error 
21k. 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
7 
28 
Number of males 
D.F. 
4 
7 
28 
S.S. 
13.2500 
864222.7500 
591.5000-
S.S. 
3102.0000 
4017824.0000 
18916.0000 
S.S. 
55.3516 
132403.9844 
634.6406 
S.S. 
28.2500 
550.2500 
S.S. 
1.9000 
43.2000 
11.3000 
M.S.S. 
2.5928 
111.5000 
M.S.S. 
1.1768 
14.2220 
1.2938 
M.S.S. 
3.3125 
123460.3906 
21.1250 
M.S.S. 
775.5000 
5738689.0000 
675.5714 
M.S.S. 
13.8379 
18914.8555 
22.6657 
M.S.S. 
7.0625 
475989.9063 
19.6518 
M.S.S. 
0.4750 
6.1714 
0.4036 
F.VAL. 
4.8895 
210.2689 
F.VAL. 
0.9095 
10.9920 
F.VAL. 
0.1568 
5844.2788 
F.VAL. 
1.1479 
8494.5703 
F.VAL. 
0.6105 
834.5131 
F.VAL. 
0.3594 
24221.2051 
F.VAL. 
1.1770 
15.2920 
1 7 3 
211. Total nematode population 
SOURCE 
Replicate 
Treatment 
Error 
21m. 
SOURCE 
Replicate 
Treatment 
Error 
21 n. 
SOURCE 
Replicate 
Treatment 
Error 
21 0. 
SOURCE 
Replicate 
Treatment 
Error 
Rf 
EMI 
GI 
D.F. 
4 
7 
28 
D.F. 
4 
7 
28 
D.F. 
4 
7 
28 
D.F. 
4 
7 
28 
S.S. 
3796.0000 
69927192.0000 
18176.0000 
S.S. 
0.0009 
17.4987 
0.0042 
S.S. 
0.1625 
100.0438 
0.7375 
S.S. 
0.0875 
96.1750 
1.0125 
M.S.S. 
949.0000 
9989599.0000 
649.1429 
M.S.S. 
0.0002 
2.4998 
0.0002 
M.S.S. 
0.0406 
14.2920 
0.0263 
M.S.S. 
0.0219 
13.7393 
F.VAL. 
1.4619 
15388.9063 
F.VAL. 
1.5461 
16575.2090 
F.VAL. 
1.5424 
542.6135 
F.VAL. 
0.6049 
379.9489 
Table 23 Effect of soil application of Paecilomyces lilacinus grown on various agricultural 
wastes on plant growth and root-knot nematode development on tomato 
23 a. Fresh weight of shoot 
SOURCE 
Replicate 
Treatment 
Error 
23 b. 
SOURCE 
Replicate 
Treatment 
Error 
23 c. 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
7 
28 
Fresh weight of root 
Dry 
D.F. 
4 
7 
28 
weight of shoot 
D.F. 
4 
7 
28 
S.S. 
2.3809 
788.0918 
5.4766 
S.S. 
0.3545 
282.9604 
8.5571 
S.S. 
0.3757 
34.2038 
0.8951 
M.S.S. 
0.5952 
131.3486 
0.2282 
M.S.S. 
0.0886 
47.1601 
0.3565 
M.S.S. 
0.0939 
5.7006 
F.VAL. 
2.6084 
575.6105 
F.VAL. 
0.2486 
132.2689 
F.VAL. 
2.5185 
152.8421 
1 7 4 
23 d. Dry weight of root 
SOURCE 
Replicate 
Treatment 
Error 
23 e. 
SOURCE 
Replicate 
Treatment 
Error 
23 f. 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
7 
28 
Length of shoot 
D.F. 
4 
7 
28 
Length of root 
D.F. 
4 
7 
28 
23 g. Number of eggs/ egg 
SOURCE 
Replicate 
Treatment 
Error 
23 h. 
SOURCE 
Replicate 
Treatment 
Error 
23 i. 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
7 
28 
Number of J2 
D.F. 
4 
7 
28 
Number of J3/J4 
D.F. 
4 
7 
28 
23 j . Number of Females 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
7 
28 
S.S. 
0.0302 
4.3848 
0.6034 
S.S. 
3.7891 
1439.6602 
11.6328 
S.S. 
2.5562 
474.2939 
7.2480 
mass 
S.S. 
731.5000 
359327.1250 
2575.7500 
S.S. 
11742.0000 
29524618.0000 
17402.0000 
S.S. 
64.2813 
69521.5938 
758.1250 
S.S. 
187.5000 
U92665.0000 
1746.5000 
M.S.S. 
0.0076 
0.7308 
0.0251 
M.S.S. 
0.9473 
239.9434 
0.4847 
M.S.S. 
0.6390 
79.0490 
0.3020 
M.S.S. 
182.8750 
59887.8555 
107.3229 
M.S.S. 
2935.5000 
4920769.5000 
725.0833 
M.S.S. 
16.0703 
11586.9326 
31.5885 
M.S.S. 
46.8750 
198777.5000 
72.7708 
F.VAL. 
0.3007 
29.0685 
F.VAL. 
1.9543 
495.03242 
F.VAL. 
2.1160 
261.7499 
F.VAL. 
1.7040 
558.0156 
F.VAL. 
4.0485 
6786.4883 
F.VAL. 
0.5087 
366.8081 
F.VAL. 
0.6441 
2731.5544 
1 7 5 
23 k. Number of males 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
7 
28 
23 1. Total nematode popul 
SOURCE 
Replicate 
Treatment 
Error 
23 m. Rf 
SOURCE 
Replicate 
Treatment 
Error 
23 n. EMI 
SOURCE 
Replicate 
Treatment 
Error 
23 0. GI 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
7 
28 
D.F. 
4 
7 
28 
D.F. 
4 
7 
28 
D.F. 
4 
7 
28 
S.S. 
1.8286 
38.4000 
14.1714 
ation 
S.S. 
6408.0000 
43850288.0000 
10128.0000 
S.S. 
0.0020 
10.9578 
0.0033 
S.S. 
0.1143 
67.8857 
1.1857 
S.S. 
0.1000 
69.0714 
1.0000 
M.S.S. 
0.4571 
6.4000 
0.5905 
M.S.S. 
1602.0000 
7308381.5000 
422.0000 
M.S.S. 
0.0005 
1.8263 
0.0001 
M.S.S. 
0.0286 
11.3143 
0.0494 
M.S.S. 
0.0250 
11.5119 
0.0417 
F.VAL. 
0.7742 
10.8387 
F.VAL. 
3.7962 
17318.4395 
F.VAL. 
3.5698 
13146.5938 
F.VAL. 
0.5783 
229.0119 
F.VAL. 
0.6000 
276.2836 
Table 24. Effect of application of Paecilomyces lilacinus grown on gram husk and gram husk 
alone on plant growht and development of root-knot nematod on tomato 
24 a. Fresh weight of shoot 
SOURCE 
Replicate 
Treatment 
Error 
24 b. Fresh 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
5 
20 
weight of root 
D.F. 
4 
5 
20 
S.S. 
4.8828 
892.3457 
12.7266 
S.S. 
1.3213 
161.8081 
20 
M.S.S. 
1.2207 
178.4691 
0.6363 
M.S.S. 
0.3303 
32.3616 
11.2275 
F.VAL. 
1.9184 
280.4672 
F.VAL. 
0.5884 
57.6469 
24 c. Dry weight of shoot 176 
SOURCE 
Replicate 
Treatment 
Error 
24 d. 
SOURCE 
Replicate 
Treatment 
Error 
24 e. 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
5 
20 
Dry weight of root 
D.F. 
4 
5 
20 
Length of shoot 
D.F. 
4 
5 
20 
24 f. Length of root 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
5 
20 
24 g. Number of eggs/ egg 
SOURCE 
Replicate 
Treatment 
Error 
24 h. 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
5 
20 
Niunberof J2 
D.F. 
4 
5 
20 
24 i. Number of J3/J4 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
5 
20 
S.S. 
0.5457 
15.2153 
1.7390 
S.S. 
0.2082 
14.1531 
3.3588 
S.S. 
1.2383 
1210.3242 
21.1016 
S.S. 
7.6514 
778.5176 
9.9404 
mass 
S.S. 
67.6250 
789135.0625 
234.7500 
S.S. 
1026.0000 
40533908.0000 
5056.0000 
S.S. 
517.3320 
74366.4063 
2064.2578 
M.S.S. 
0.1364 
3.0431 
0.0869 
M.S.S. 
0.0521 
2.8306 
0.1679 
M.S.S. 
0.3096 
242.0648 
1.0551 
M.S.S. 
1.9128 
155.7035 
0.4970 
M.S.S. 
16.9063 
157827.0156 
11.7375 
M.S.S. 
256.5000 
8106781.5000 
252.8000 
M.S.S. 
129.3330 
14873.2813 
103.2129 
F.VAL. 
1.5692 
34.9987 
F.VAL. 
0.3099 
16.8549 
F.VAL. 
0.2934 
229.4284 
F.VAL. 
3.8486 
313.2732 
F.VAL. 
1.4404 
13446.3906 
F.VAL. 
1.0146 
32067.9648 
F.VAL. 
1.2531 
144.1029 
177 
24 j . Number of females 
SOURCE 
Replicate 
Trealment 
Error 
D.F. 
4 
5 
20 
24 k. Number of males 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
5 
20 
S.S. 
1829.5000 
3644176.2500 
4601.5000 
S.S. 
1.8000 
41.0667 
14.6000 
241. Total nematode population 
SOURCE 
Replicate 
Treatment 
Error 
24m. Rf 
SOURCE 
Replicate 
Treatment 
Error 
24 n. EMI 
SOURCE 
Replicate 
Treatment 
Error 
24 0. GI 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
5 
20 
D.F. 
4 
5 
20 
D.F. 
4 
5 
20 
D.F. 
4 
5 
20 
S.S. 
4984.0000 
72639336.0000 
19224.0000 
S.S. 
0.0011 
18.0797 
0.0038 
S.S. 
0.2833 
118.6417 
0.8167 
S.S. 
0.1167 
129.3667 
0.3833 
M.S.S. 
457.3750 
728835.2500 
230.0750 
M.S.S. 
0.4500 
8.2133 
0.7300 
M.S.S. 
1246.0000 
14527867.0000 
961.2000 
M.S.S. 
0.0003 
3.6159 
M.S.S. 
0.0708 
23.7283 
0.0408 
M.S.S. 
0.0292 
25.8733 
0.0192 
F.VAL. 
1.9870 
3167.8159 
F.VAL. 
0.6164 
11.2511 
F.VAL. 
1.2963 
15114.3018 
F.VAL. 
1.3759 
18901.1914 
F.VAL. 
1.7347 
581.0974 
F.VAL. 
1.5218 
1349.9202 
Table 25. Effect of different doses of PaecUomyces lilacinus added in soil on plant growth and 
root-knot nematode development on tomato. 
25 a. Fresh weight of shoot 
SOURCE D.F. S.S. M.S.S. F.VAL. 
Replicate 
Treatment 
Error 
4 
5 
20 
0.4551 
478.1777 
11.1582 
0.1138 
95.6355 
0.5579 
0.2039 
171.4175 
25 b. Fresh weight of root 
1 7 8 
SOURCE 
Replicate 
Treatment 
Error 
25 c. 
SOURCE 
Replicate 
Treatment 
Error 
25 d. 
SOURCE 
Replicate 
Treatment 
Error 
Dry 
Dry 
D.F. 
4 
5 
20 
weight of shoot 
D.F. 
4 
5 
20 
weight of root 
D.F. 
4 
5 
20 
25 e. Length of shoot 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
5 
20 
25 f. Length of root 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
5 
20 
25 g. Number of eggs/ egg 
SOURCE 
Replicate 
Treatment 
Error 
25 h. 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
5 
20 
Number of J2 
D.F. 
4 
5 
20 
S.S. 
4.9888 
86.2505 
8.7690 
S.S. 
0.0317 
9.1710 
0.3157 
S.S. 
0.1348 
4.2250 
0.3491 
S.S. 
0.8789 
863.7148 
16.1055 
S.S. 
1.2646 
282.7510 
8.3311 
mass 
S.S. 
9.4375 
432701.4375 
198.5625 
S.S. 
1736.0000 
29149106.0000 
7376.0000 
M.S.S. 
1.2472 
17.2501 
0.4385 
M.S.S. 
0.0079 
1.8342 
0.0158 
M.S.S. 
0.0337 
0.8450 
0.0175 
M.S.S. 
0.2197 
172.7430 
0.8053 
M.S.S. 
0.3162 
56.5502 
0.4166 
M.S.S. 
2.3594 
86540.2891 
9.9281 
M.S.S. 
434.0000 
5829821.0000 
368.8000 
F.VAL. 
2.8445 
39.3432 
F.VAL. 
0.5027 
116.1972 
F.VAL. 
1.9308 
48.4091 
F.VAL. 
0.2729 
214.5147 
F.VAL. 
0.7590 
135.7576 
F.VAL. 
0.2376 
8716.6797 
F.VAL. 
1.1768 
15807.5410 
25 i. Number of J3/J4 
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SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
5 
20 
25 j . Number of females 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
5 
20 
25 k. Number of males 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
5 
20 
S.S. 
287.8047 
59037.0625 
1930.6016 
S.S. 
3973.0000 
994131.5000 
9943.7500 
S.S. 
4.5333 
27.4667 
23.8667 
25 1. Total nematode population 
SOURCE 
Replicate 
Treatment 
Error 
25 m. Rf 
SOURCE 
Replicate 
Treatment 
Error 
25 n. EMI 
SOURCE 
Replicate 
Treatment 
Error 
25 0. GI 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
5 
20 
D.F. 
4 
5 
20 
D.F. 
4 
5 
20 
D.F. 
4 
5 
20 
S.S. 
4300.0000 
43484792.0000 
22468.0000 
S.S. 
0.0083 
10.7971 
0.0313 
S.S. 
0.1667 
62.3417 
0.5333 
S.S. 
0.5500 
66.5750 
0.5500 
M.S.S. 
71.9512 
11807.4121 
96.5301 
M.S.S. 
993.2500 
198826.2969 
497.1875 
M.S.S. 
1.1333 
5.4933 
1.1933 
M.S.S. 
1075.0000 
8696958.0000 
1123.4000 
M.S.S. 
0.0021 
2.1594 
0.0016 
M.S.S. 
0.0417 
12.4683 
0.0267 
M.S.S. 
0.1375 
13.3150 
0.0275 
F.VAL. 
0.7454 
122.3185 
F.VAL. 
1.9977 
399.9020 
F.VAL. 
0.9497 
4.6034 
F.VAL. 
0.9569 
7741.6396 
F.VAL. 
1.3167 
1377.8621 
F.VAL. 
1.5625 
467.5630 
F.VAL. 
5.0000 
484.1791 
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Table 26. Influence of temperature on growth of different isolates of Paecilomyces lUacmus in 
potato dextrose broth 
26 a. Diy weight of the mycelial mat at 16 °C 
SOURCE D J S!S^ M.S.S" F.VAL. 
Replicate 
Treatment 
Error 
4 
3 
12 
1.2979 
270.8252 
6.0088 
0.3245 
90.2751 
0.5007 
0.5480 
180.2860 
26 b. Dry weight of the mycelial mat at 20 °C 
SOURCE 
Replicate 
Treatment 
Error 
26 c. Dry 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
3 
12 
weight of the 
D.F. 
4 
3 
12 
26 d. Dry weight of the i 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
3 
12 
26 e. Dry weight of the 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
3 
12 
S.S. 
8.9453 
419.2617 
31.4375 
mycelial mat at 24 
S.S. 
4.4844 
386.8047 
24.9297 
mycelial mat at 28 ' 
S.S. 
3.8438 
1016.6250 
27.2031 
mycelial mat at 32 
S.S. 
9.4512 
779.7246 
36.1797 
°c 
c^ 
°c 
M.S.S. 
2.2363 
139.7539 
M.S.S. 
1.1211 
128.9349 
M.S.S. 
0.9609 
338.8750 
2.2669 
M.S.S. 
2.3628 
259.9082 
3.0150 
F.VAL. 
0.8536 
53.3454 
F.VAL. 
0.5396 
62.0633 
F.VAL. 
0.4239 
149.4865 
F.VAL. 
0.7837 
86.2058 
26 f Dry weight of the mycelial mat at 36 ° C 
SOURCE D.F. S.S. M.S.S. F.VAL. 
Replicate 4 1.3789 0.3447 0.5198 
Treatment 3 215.3770 71.7923 108.2567 
Error 12 7.9580 0.6632 
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Table 27. Comparative biocontrol efficacy of different isolates of PaecUomyces Ulacinus on 
tlie development of root-knot nematode, Meloidogyne incognita and plant growth 
on tomato 
27 a. Fresh weight of shoot 
SOURCE 
Replicate 
Treatment 
Error 
27 b. 
SOURCE 
Replicate 
Treatment 
Error 
27 c. 
SOURCE 
Replicate 
Treatment 
Error 
27 d. 
SOURCE 
Replicate 
Treatmeivt 
Error 
27 e. 
SOURCE 
Replicate 
Treatment 
Error 
27 f. 
SOURCE 
Replicate 
Treatment 
Error 
27 g. 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
3 
44 
Fresh weight of root 
D.F. 
4 
3 
44 
Dry weight of shoot 
D.F. 
4 
11 
44 
Dry weight of root 
D.F. 
4 
11 
44 
Length of shoot 
D.F. 
4 
11 
44 
Length of root 
D.F. 
4 
11 
44 
S.S. 
1.2773 
998.4609 
45.3594 
S.S. 
0.4580 
225.8369 
6.6348 
S.S. 
1.3095 
23.9149 
1.6298 
S.S. 
41.8709 
8.6485 
2.4865 
S.S. 
3.2656 
1438.2188 
61.8594 
S.S. 
1.0137 
355.8457 
39.3457 
Number of egg/ egg mass 
D.F. 
4 
11 
44 
S.S. 
15.2500 
870501/3125 
671.1250 
M.S.S. 
0.3193 
90.7692 
1.0309 
M.S.S. 
0.1145 
20.5306 
0.1508 
M.S.S. 
0.3274 
2.1741 
0.0370 
M.S.S. 
10.4677 
0.7862 
0.0565 
M.S.S. 
0.8164 
130.7472 
1.4059 
M.S.S. 
0.2534 
32.3496 
• 0.8942 
M.S.S. 
3.8125 
79136.4844 
15.2528 
F.Val. 
0.3098 
88.0489 
F.VAL. 
0.7593 
136.1537 
F.VAL. 
8.8385 
58.6954 
F.VAL. 
185.2338 
13.9128 
F.VAL. 
0.5807 
92.9992 
F.VAL. 
0.2834 
36.1763 
F.VAL. 
0.2500 
5188.3110 
27 h. Number of J2 
1 8 2 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
11 
44 
27 i. Number of J3/J4 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
11 
44 
27 j . 'Number of females 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
11 
44 
27 k. Number of males 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
11 
44 
S.S. 
646.0000 
39097912/0000 
2296/0000 
S.S. 
179.2344 
257318.5781 
1945.1719 
S.S. 
90.5000 
2690448.0000 
292.5000 
S.S. 
3.3333 
77.7833 
27.4667 
27 1. Total nematode population 
SOURCE 
Replicate 
Treatment 
Error 
27 m. R f 
SOURCE 
Replicate 
Treatment 
EiTor 
27 n. EMI 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
11 
44 
D.F. 
' 4 
11 
44 
D.F. 
4 
11 
44 
S.S. 
48858.0000 
65019380.0000 
522676.0000 
S.S. 
0.0006 
16.6817 
0.0097 
S.S. 
0.1000 
113.5833 
1.5000 
M.S.S. 
161.5000 
3554355.7500 
52.1818 
M.S.S. 
44.8086 
23392.5977 
44.2085 
M.S.S. 
22.6250 
24486.1875 
6.6477 
M.S.S. 
0.8333 
7.0712 
0.6242 
M.S.S. 
12214.5000 
5910852.5000 
11879.0000 
M.S.S. 
0.0002 
1.5165 
0.0002 
M.S.S. 
0.0250 
10.3258 
0.0341 
F.VAL. 
3.0949 
68114.8281 
F.VAL. 
1.0136 
529.1431 
F.VAL. 
3.4034 
36792.4492 
F.VAL. 
1.3350 
11.3277 
F.VAL. 
1.0282 
497.5884 
F.VAL. 
0.7298 
6877.1333 
F.VAL. 
0.7333 
302.8873 
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27 0. GI 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
11 
44 
S.S. 
0.0583 
123.3125 
1.5417 
M.S.S. 
0.0146 
11.2102 
0.0350 
F.VAL. 
0.4162 
319.9449 
Table 28. Effect of temperature on spore attachment of Pasteuria penetrans to the second 
stage juveniles (J2) of Meloidogyne incognita 
28 a. No. of spores attached to the J2 after 24 h 
SOURCE 
Replicate 
Treatment 
Error 
28 b. No 
SOURCE 
Replicate 
Treatment 
Error 
28 c. No. 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
2 
8 
. of Spores 
D.F. 
4 
2 
8 
of spores j 
D.F. 
4 
2 
8 
S.S. 
3.3335 
1697.2002 
7.4663 
attached to the J2 after 48 h 
S.S. 
4.4004 
4592.9336 
8.3994 
attached to the J2 after 72 h 
S.S. 
0.3984 
6189.7324 
11.6016 
M.S.S. 
0.8334 
848.6001 
0.9333 
M.S.S. 
1.1001 
2296/4668 
1.0499 
M.S.S. 
0.0996 
3094.8662 
1.4502 
F.VAL. 
0.8929 
909.2580 
F.VAL. 
1.0478 
2187.2639 
F.VAL. 
0.0687 
2134.1030 
.Table 29. Effect of moisture on spore attachment of Pasteuria penetrans to second stage 
juveniles J2 of M incognita 
29 a. Niunber of spores attached/ J2 
SOURCE 
Replicate 
Treatment 
Error 
D.R 
4 
3 
44 
29 b. Number of J2 with 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
3 
44 
spores 
S.S. 
116.2000 
407.2000 
231.8000 
S.S. 
2.7969 
614.1406 
25.6094 
M.S.S. 
29.0500 
135.7333 
19.3167 
M.S.S. 
0.6992 
204.7135 
2.1341 
F.VAL. 
1.5039 
7.0267 
F.VAL. 
0.3276 
95.9243 
1 8 4 
Table 30. Individual and combined effect of PaecUomyces Ulacinus and Pasteuria penetrans on 
plant growth and development of root-knot nematode, Meloidogyne incognita on tomato 
30 a. Fresh weight of shoot 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
7 
28 
30 b. Fresh weight of root 
SOURCE 
Replicate 
Treatment 
Error 
30 c. Dry 
SOURCE 
Replicate 
Treatment 
Error 
30 d. Dry 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
7 
28 
weight of shoot 
D.F. 
4 
7 
28 
weight of root 
D.F. 
4 
7 
28 
30 e. Length of shoot 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
7 
28 
30 f Length of root 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
7 
28 
30 g. Number of eggs/ egg 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
7 
28 
S.S. 
11.4160 
663.7480 
72.3027 
S.S. 
0.9619 
189.1021 
13.8242 
S.S. 
0.1633 
17.6279 
1.9272 
S.S. 
0.0445 
6.2642 
0.4900 
S.S. 
3.1953 
1253.9453 
25.7813 
S.S. 
6.7500 
548.7598 
15.4727 
mass 
S.S. 
60.4063 
645998.0625 
432.3125 
M.S.S. 
2.8540 
94.8212 
2.5822 
M.S.S. 
0.2405 
27.0146 
0.4937 
M.S.S. 
0.0408 
2.5183 
0.0688 
M.S.S. 
0.0111 
0.8949 
0.0175 
M.S.S. 
0.7988 
179.1350 
0.9208 
M.S.S. 
1.6875 
78.3942 
0.5526 
M.S.S. 
15.1016 
92285.4375 
15.4397 
F.VAL. 
1.1052 
36.7205 
F.VAL. 
0.4871 
54.7162 
F.VAL. 
0.5932 
36.5868 
F.VAL. 
0.6355 
51.1389 
F.VAL. 
0.8676 
194.5515 
F.VAL. 
3.0538 
141.8657 
F.VAL. 
0.9781 
5977.1396 
1 8 5 
30 h. Number of J2 
SOURCE 
Replicate 
Treatment 
Enxs-
D.F. 
4 
7 
28 
30 i. Number of J3/J4 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
7 
28 
S.S. 
36.0000 
40178904.0000 
644.0000 
S.S. 
2U.8516 
80689.1797 
724.9453 
M.S.S. 
9.0000 
5739843.5000 
23.0000 
M.S.S. 
52.9629 
11527.0254 
25.8909 
F.VAL. 
0.3913 
249558.4063 
F.VAL. 
2.0456 
445.2153 
30 j . Number of females 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
7 
28 
30 k. Number of males 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
7 
28 
S.S. 
171.8750 
1761366.5000 
298.6250 
S.S. 
5.7500 
31.9750 
10.6500 
301. Total nematode population 
SOURCE 
Replicate 
Treatment 
Error 
30 m. Rf 
SOURCE 
Replicate 
Treatment 
Error 
30 n EMI 
SOURCE 
Replicate 
Treatment 
Error 
D.F. 
4 
7 
28 
D.F. 
4 
7 
28 
D.F. 
4 
7 
28 
S.S. 
1425224.0000 
44185544.0000 
6343140.0000 
S.S. 
0.0002 
15.3397 
0.0008 
S.S. 
0.1000 
94.1437 
0.7000 
M.S.S. 
42.9688 
251623.7813 
10.6652 
M.S.S. 
1.4375 
4.5679 
0.3804 
M.S.S. 
356056.0000 
6312220.5000 
226540.7188 
M.S.S. 
0.0001 
2.1914 
0.0000 
M.S.S. 
0.0250 
13.4491 
0.0250 
F.VAL. 
4.0289 
23593.0215 
F.VAL. 
3,7793 
12.0094 
F.VAL. 
1.5717 
27.8635 
F.VAL. 
2.1525 
80424.2656 
F.VAL. 
1.0000 
537.9607 
30 o. Gall index 
Replicate 4 
Treatoient 7 
Error 28 
1 8 6 
SOURCE D.F. S.S. M.S.S. FVAL. 
0.10 
96.1421 
0.0000 
0.0230 
15.4891 
0.0230 
1.000 
539.8607 
